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AN   ACT  TO  i»KOVIDE  FOR  THE   PUBLICATION  OF  THE   KEPOKTS 
AND  P.VPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

I  Approved  March  11,  1895.] 

\Yhereas,  The  Indiana  Academy  of  Science,  a  chartered 
.scientific  association,  has  embodied  iu  its  constitution  a 
pi-ovision  that  it  will,  upon  the  request  of  the  Governor,  or  of  the  several 
dopartinents  of  the  State  sovermnent,  through  the  Governor,  and  through 
its  council  as  an  advisory  body,  assist  in  the  direction  and  execution  of 
any  investigation  within  its  province,  without  pecuniary  gain  to  the  Acad- 
emj',  i)rovided  only  that  the  necessary  expenses  of  such  investigation  are 
borne  by  the  State ;  and, 

Whereas,  The  reports  of  tiie  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and  eco- 
nomic value,  and  should  be  j)reserved  iu  permanent  form ;  and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and 
agricultural  improvement ;  therefore. 

Section  1.  Be  it  enacted  Iry  the  (ienet-al  Assembly  of  the  p  , ,.  ,.  „ 
State  of  Indiana,  That  hereafter  the  annual  reports  of  the  the  Reports  of 
meetings  of  the  Indiana  Academy  of  Science,  beginning  with  Academy  of 
the  report  for  the  year  1894,  including  all  papers  of  scientific  Science, 
or  economic  value,  presented  at  such  meetings,  after  they  shall  have  been 
edited  and  prepared  for  publication  as  liereinafter  provided,  shall  be  pub- 
lished by  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.     Said  reports  shall   be  edited  and  prepared  for 

publication    without    expense    to   the    State,    by   a    corps    of      Kd'f 

editors  to  be  selected  and  appointed  by  the  Indiana  Acadmey      Reports. 

of  Science,  who  shall  not.  by  ivason  of  such  services,  have 

any  claim  against  the  vState  for  comi)ensation.     The  form,  style  of  binding, 

paper,  typography  and  manner  and  extent  of  illustration  of 

Number  of 
such  reports,  shall  be  determined  by  the  editors,  subject  to      printed 

the  approval  of  the  Commissioners  of  Public  Printing  and      Reports. 
Stationery.    Not  less  than  1.500  nor  more  than  3,000  copies  of  each  of  said 
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rej)ort.s  sluill  ))e  publislied.  the  size  of  the  edition  within  S!ii<l  limits  to  be 
detenuined  by  tlie  concurrent  action  of  the  editors  and  the  Commissioners 
of   Public   Printing   and    Stationery:      Provided,    That   not   to   exceed    six 

hiuidred  dollars  (.^^600)   shall  be  expended  for  such  publica- 
Proviso. 

tion  m  any  one  year,  and  not  to  extend  beyond  1896:     Pro- 
vided, That  no  sums  shall  be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  three  hundred  copies  of  each  volume 

Disposition  qj--  gj^jjj  reports  shall  be  placed  in  the  custody  of  the  State 

of  Reports. 

Librarian,  who  shall  furnish  one  copy  thereof  to  each  pub- 

li'  library  in  the  State,  one  copy  to  each  university,  college  or  normal 
school  in  the  State,  one  copy  to  each  high  school  in  the  State  having  a 
library,  which  shall  make  application  therefor,  and  one  copy  to  such  t)ther 
Institutions,  societies  or  persons  as  may  be  designated  by  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  tui-ned  over  to  the  Academj'  to  be  disposed  of  as  it  may  determine. 
In  order  to  provide  for  the  preservation  of  the  same  it  shall  be  the  duty 
of  the  Custodian  of  the  State  House  to  provide  and  place  at  the  disposal 
of  the  Academy  one  of  the  unoccupied  rooms  of  the  State  House,  to  be 
designated  as  the  office  of  the  Indiana  Academy  of  Science,  wlierein  said 
copies  of  s;\id  reports  belonging  to  the  Academy,  together  with  the  original 
manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept,  and  he  shall  also 
eipiip  the  same  with  the  necessary  shelving  and  furniture. 

Sec.  4.  An  emergency  is  hereby  declared  to  exist  for 
Emergency.  ^j^^  immediate  taking  effect  of  this  act,  and  it  shall  there- 
fore take  effect  and  be  in  force  from  and  after  its  passage. 


AN   ACT   FOK   THE    riiOTEC'TIUN    OF    BIKDS,    TIIEIK    NESTS    AND 

EGGS. 

Skctjon  (J()2.  It  ^liall  be  uiiluwl'ul  fur  any  i)er.S()ii  to 
kill,  tni])  or  iiossess  any  wild  bird,  or  to  purchase  or  offer  '""  ^' 
the  same  for  sale,  or  to  destroy  the  uests  or  the  eggs  of  any  wild  bird  ex- 
cept as  otherwise  pro\'ided  in  this  section.  But  this  section  shall  not  apply 
to  the  following  named  L'ame  birds:  The  Anatidaj,  commonly  called  swans, 
geese,  brant,  river  and  sea  duck ;  the  Rallidae,  commonly  known  as  rails, 
coots,  mudhens,  and  galliuules;  the  LimicoUe,  commonly  known  as  shore 
liirds  plovers,  surf  birds,  snipe,  woodcock,  sandpipers,  tatlers  and  curlews; 
nor  to  English  or  European  house  sparrows,  crows,  hawks,  or  other  birds 
of  prey.  Nor  shall  thi&  section  apply  to  any  person  taking  birds  or  their 
nests  or  eggs  for  scientific  pnrj:)oses  under  permit,  as  provided  in  tlie  next 
section.  Any  person  violating  the  provisions  of  this  section  shall,  upon  con- 
viction, be  fined  not  less  than  ten  dollars  nor  more  than  fifty  dollars. 

Sec.  603.  Permits  may  be  granted  by  the  Commissioner  of  Fisheries 
and  Game  to  any  properly  accredited  person,  permitting  the  holder  there- 
of to  collect  birds,  their  nests  or  eggs  for  strictly  scientific  purposes.  In 
order  to  obtain  such  permit  the  applicant  for  the  same  must  present  to 
said  Commissioner  written  testimonials  from  two  well-known  scientific 
men  certifying  to  the  good  Character  and  fitness  of  said  applicant  to  be 
entrusted  with  such  privilege,  and  pay  to  said  Board  one  dollar  therefor, 
and  file  with  him  a  properly  executed  l)ond  in  the  sum  of  two  hundred 
dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will  obey  the 
terms  of  such  permit,  and  signed  by  at  least  two  responsible  citizens  of 
the  State  as  sureties.  The  bond  may  be  forfeited  and  the  permit  revoked 
upon  proof  to  the  satisfaction  of  such  Commissioner  that  the  holder  of 
such  permit  has  killed  any  bird  or  taken  the  nests  or  eggs  of  any  bird  for 
any  other  purpose  than  that  named  in  this  section. 
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CONSTITUTION. 


ARTICLE  I. 


Section  1.  This  u.ssociatiou  shall  he  called  the  ludiauti  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  he  scientific  research  and 
the  diffusion  ot  ivnowledge  concerning  the  various  departments  of  science, 
to  promote  intercourse  between  men  engaged  in  scientific  work,  especially 
in  Indiana ;  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  materiaJ,  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  jjrepare  for  publication  such  reports  of  inves- 
tigation and  discussions  as  may  further  the  aims  and  objects  of  the  Acad- 
emy as  set  forth  in  these  articles. 

TVhereas,  The  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the  sev- 
eral departments  of  the  State,  through  the  Governor,  act  through  its  coun- 
cil as  an  advisory  bod.v  in  the  direction  and  execution  of  any  investigation 
within  its  pro\ince  as  stated.  The  necessary  expenses  incurred  in  the  prose- 
cution of  such  investigation  are  to  be  borne  b.^'  the  State;  no  pecuniary  gain 
is  to  come  to  the  Academj-  for  its  advice  or  direction  of  such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  n  public  flocument. 

AKTICLE  II. 

Section  1.  iSIenibers  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work,  or 
in  original  research  in  any  department  of  science,  shall  be  eligible  to  active 
membership.  Active  members  may  be  annual  or  life  members.  Annual 
members  may  be  elected  at  any  meeting  of  the  Academy ;  they  shall  sign 
the  c(mstitLition,  pay  an  admission  fee  of  two  dollars,  and  thereafter  an 
annual   fee  of  one  dollar.     Any  person  who  shall   at  one  tittle  contribute 
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fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
the  Academy,  free  of  assessment.  Aon-resideut  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  the  members  present  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing  classes 
shall  1)6  referred  to  a  conuuittee  on  application  for  membership,  who  shall 
consider  such  ai»])lication  and  report  to  the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
luive  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination  for 
election  as  fellows  by  three  fellows  or  members  personally  acquainted  with 
their  work  and  character.  Of  meuibers  so  nominated  a  number  not  exceed- 
ing five  in  one  year  may,  on  recommendation  of  the  Executive  Committee, 
be  elected  as  fellows.  At  the  meeting  at  which  this  is  adopted,  the  mem- 
bers of  the  Executive  Committee  for  1894  and  fifteen  others  shall  be  elected 
fellows,  and  those  now  honorary  members  shall  become  honorary  fellows. 
Honorary  fellows  may  be  elected  on  account  of  special  prominence  in 
science,  on  the  written  recommendation  of  two  members  of  the  Academy. 
In  any  case  a  three-fourths  vote  of  the  members  i^resent  shall  elect. 

ARTICLE   III. 

Skction  1.  The  otficers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a 
President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to  their 
respective  offices,  and  in  addition,  with  the  ex-Presidents  of  the  Academy, 
shall  constitute  an  Executive  Committee.  The  President  shall,  at  each  an- 
nual meeting,  appoint  two  members  to  be  a  committee,  which  shall  prepare 
the  programs  and  hav'e  charge  of  the  arrangements  for  all  meetings  for 
one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be  a  sum- 
mer meeting  at  such  time  and  place  as  may  be  decided  upon  by  the  Execu- 
tive Committee.  Other  meetings  may  be  called  at  the  discretion  of  the  Ex- 
ecutive Committee.  The  past  Presidents,  together  with  the  officers  and  Ex- 
ecutive Committee,  shall  constitute  the  council  of  the  Academy,  and  repre- 
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seut  it  iu  the  trausactiou  of  any  uecessary  busiuess  uot  especially  provided 
for  in  this  constitution,  in  the  interim  between  general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief  sum- 
mary of  the  jirogress  of  the  department  during  the  year  preceding  the  pre- 
st'jitation  of  the  rei^ort. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

.■].  The  Press  Secretary  shall  attend  to  the  securing  of  proper  nevvs- 
l)aper  reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  agamst  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

(>.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
ytars,  having  been  annually  notifled  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 


R.  J.  Aley * 

J.  C.  Arthur 

J.  W.  Beede 

George  W.  Benton 

A.  J.  Bigney 

Katherine  Golden  Bitting 

W.  S.  BlatcMey 

Donaldson  Bodine 

H.  L.  Bruner 

Se\'erance  Burrage 

A.  W.  Butler 

W.  A.  Cogshall 

Mel.  T.  Cook 

John  M.  Coulter 

Stanley  Coulter 

Glenn  Culbertson 

E.  R.  Cumings 

D.  W.  Dennis 

C.  R.  Dryer 

C.  H.  Eigemnann 

Percy  Norton  Evans 

A.  L.  Foley 

M.  J.  Golden 

W.  F.  M.  Goss.  : 

Thomas  Gray 

A.  S.  Hatliaway 

■W.  K.  Hatt 

Robert  Hessler 

H.  A.  Huston 

Edwin  S.  Johoiniatt 

Robert  E.  Lyons. 

W.  A.  McBeth 


1898 Bloomington 

1893 Lafayette. 

1906 Bloomington. 

1896 Indianapolis. 

1897 Moore's  Hill. 

1895 Lafayette. 

1893 Indianapolis. 

1899 Crawfordsville. 

1899 Irvington 

1898 Lafayette. 

1893 Indianapolis 

1906 Bloomington. 

1902 Newark,  Del. 

1893 Chicago,  111. 

1893 Lafayette. 

1899 Hanover. 

1906 Bloomington. 

1895 Richmond. 

1897 Terre  Haute. 

1893 Bloomington. 

1901 West  Lafayette. 

1897 Bloomington. 

1899 Lafayette. 

1893 Urbana,  HI. 

1893 Terre  Haute. 

1895 Terre  Haute. 

1902 Lafayette. 

1899 Logansport. 

1893 Chicago,  111. 

1904 Terre  Haute. 

1896 Bloomington. 

1904 Terre  Haute. 


'■'Date  of  electidii 
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V.  F.  Maisters *  1S93 IMoomington. 

C.  L.  Mees 189  1 Terre  Hauto. 

J.  A.  Miller .  .- 1904 Swarthmore,  Pa. 

\V.  J.  Moenklmus 1901 Hloomington . 

D.  M.  Mottier imn Bloomington. 

J.  P.  Naylor 1903 CJreencastle. 

W.  A.  Noyes 1893 Champaign,  111. 

RoUa  R.  Ramsey 1906 Bloomington. 

J.  H.  Ransom '. 1902 Lafayette. 

L.  J.  Rettger 189(5 Terre  Haute. 

David  Rothrock 190(3 Bloomington. 

.1.  T.  Scovell 1894 Terre  Haute. 

Alex  Smith 1893 Chicago,  111. 

\\'.  E.  Stone 1893 Lafayette. 

.Joseph  Swain 1898 Swarthmore,  Pa 

M.  B.  Thomas 1893 Crawfonlsville. 

C.  A.  Waldo ...  1893 Lafayette. 

F.  M.  Webster ....  1894 Wa.shington,  1).  C. 

Jacob  Wcstlund 1904 Lafayette. 

H.  W.  Wiley .  .  1895 Wasliington,  1).  C 

John  S.  Wright 1894 Indianapolis. 

"  Date  of  election. 


m)N-BESlDENT  MEMBERS. 

George  H.  Ashley Charleston,    S.    C. 

J.  C.  Branner Stanford   University,   Cal 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell Stanford  University,   Cal. 

A.  Wilmer  Duff Worcester,  Mass 

B.  W.  Everman Washington,  D.  C. 

Charles  H.  Gilliert Stanford   University,   Cal. 

C.  W.  Green Columbia,  Mo. 

C.  W.  Hargitt Syracuse,  N.  Y. 

O.  P.  Hay New  York  City. 

Edward  Hilghes Stockton,  Cal 

O.  P.  Jenkins Stanford   University,   Cal. 

D.  S.  Jordan Stanford   University,  Cal. 
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J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Bronx  Park,  New  York  City 

T.  C.  Mendenhall Worcester,  Mass. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Warder Washington,  D.  C. 

Ernest  Walker Clemson  College,  S.  C. 


ACTIVE]  ME3IBEBS. 

George  Abbott Indianapolis. 

Walter  D.  Baker Indianapolis. 

Edward  Hugh  Bangs Indianapolis. 

Lee.  F.  Bennett Valparaiso. 

Harry  Eldridge  Bishop Indianapolis. 

Lester  Black 

William  N.  Blanchard Greencastle. 

Charles  S.  Bond Richmond. 

H.  C.  Brandon Bloomington. 

Fred  J.  Breeze TRemington. 

E.  M.  Bruce Terre  Haute. 

Lewis  Clinton  Carson Detroit,  Mich. 

Herman  S.  Chamberlain Indianapolis. 

E.  J.  Chansler Bicknell. 

Otto  O.  Clayton Geneva. 

Howard  W.  Clark Chicago,  111. 

H.  M.  Clem Monroeville. 

Charles  Clickener Silverwood,  R.  I).  No.  1. 

Charles  A.  Coffey Petersburg. 

Ulysses  O.  Cox Terre  Haute. 

William  Clifford  Cox Columbus, 

J.  A.  Cragwall Crawfords\ille. 

M.  E.  Crowell Franklin. 

Lorenzo  E.  Daniels Laporte. 

S.  C.  Davisson Bloomington. 

Charles  C.  Deam Bluffton. 

Martha  Doan Westfield. 

J.  p.  Dolan Syracuse . 
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Herman  H.  Dorner Crawfordsville. 

Hans  Duden Indianapolis. 

Arthur  E.  Dunn Logansport. 

Herbert  A.  Dunn Logansport. 

M.  L.  Durbin Anderson. 

J.  B.  Dutcher Bloomington. 

Max  Mapes  Ellis Vincennes. 

Samuel  G.  Evans Evansville. 

William  P.  Felver Logansport. 

Wilbur  A.  Fiske Richmond. 

Austin  Funk Jefferson ville . 

John  D.  Gabel Madison. 

Andrew  W.  Gamble Logansport. 

H.  O.  Garman Lafayette. 

Charles  W.  Garrett Pittsburg,  Pa. 

Robert  G.  GiUum Terre  Haute. 

Vernon  Gould ' Rochester. 

Frank  Cook  Greene New  Albany. 

Walter  L.  Hahn Mitchell. 

Mary  T.  Harman State  College,  Pa. 

Victor  Hendricks St.  Louis. 

John  P.  Hetherington Logansport. 

C.  E.  Hiatt Bloomington. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins Terre  Haute. 

S.  Bella  Hilands Madison. 

John  J.  Hildebrandt Logansport. 

G.  E.  Hoffman Logansport. 

.Allen  D.  Hole Richmond. 

Lucius  M.  Hubbard South  Bend. 

John  N.  Hurty Indianapolis. 

Wm.  J.  Jones,  Jr West  Lafayette. 

O.  L.  Kelso Terre  Haute. 

Frank  D.  Kern Lafayette. 

Charles  T.  Knipp Urbana,  111. 

R.  W.  McBride Indianapolis. 

Richard  C.  McClaskey Terre  Haute. 

N.  E.  Mclndoo Lyons. 

[2—18192] 
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Lynn  B.  McMuUen Indianapolis 

Edward  G.  Mahin West  Lafayette 

James  E.  Manchester Vincennes. 

Wilfred  H.  Manwaring Bloomington. 

William  Edgar  Mason Borden. 

Clark  Mick Berkley,  Cal. 

G.  Rudolph  Miller Indianapolis. 

Richard  Bishop  Moore Indianapolis 

Fred  Mvitchler Terre  Haute. 

Charles  E.  Nev.lin Irvington. 

John  F.  Nev.som Stanford  University,   Cti 

D.  A.  Owen Franklin. 

Rollo  J.  Peirce Indianapolis 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

A.  H.  Purdue Fayetteville,  Ark. 

Albert  B.  Reagan Mora,  Wash. 

Allen  J.  Reynolds Emporia,  Kansas. 

Giles  E.  Ripley Decorah,  low  a. 

George  L.  Roberts Muncic. 

E.  A.  Schultze Cliicago,  111. 

Will  Scott Bloomington. 

Charles  Wm.  Shannon Bloomhigton. 

Fred  Sillery Indianapolis. 

J.  R.  Slonaker .  . Madison,  AVis. 

Albert  Smith Lafayette. 

Essie  Alma  Smith Bloomington. 

C.  Piper  Smith Pacific  Grove,  ( 'al. 

J.  M.  Stoddard Indianapolis. 

Albert  W.  Thompson Owensville. 

W.  B.  Van  Gorder Worthington. 

H.  8.  Voorhees Ft.  Wayne. 

Frank  P>.  Wade Indianapolis. 

Daniel  T.  Weir Indianapolis. 

A.  E.  White Connersville. 

Guy  West  Wilson Fayette,  Iowa. 

William  ^^'ats()n  Woollen Indianapolis. 

Herbert  Milton  Woollen Indianapolis. 


J.  F.  Woolsey Indianapolis. 

Wm.  J.  Young Hyattsville,  Md. 

Lucy  Youse Terre  Haute. 

Charles  Zeleny Bloomington. 

Fellows 53 

Non-resident  members 19 

Active  members 108 

Total ISO 
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Note.— For  list  of  Poreisrii  Correspondents,  see  Proceedings  of  1901. 


20 


PROGRAM 

OF  THE 

TWENTY-THIRD  ANNUAL  MEETING 

OF  THE 

INDIANA  ACADEMY  OF  SCIENCE, 

SHORTRIDGE  HIGH  SCHOOL,  INDIANAPOLIS. 
NOVEMBER  28  AND  29,    1 907. 


♦President's  Address — History  and  Control  of  Sex D.  M.  Mottier 

GENERAL. 

*  1  The  Origin  of  Adaptation  in  the  Fresh  Water  Fauna.  15ni C.  H.  Eigenmann 

*  2.  Spectacles — A  Concession  to  the  Theory  of  Evolution,  20ni A.  G.  Pohlraan 

*  3  New  Science  Laboratories  in  Moore's  Hill  College,  lOni .\.  J.  Bigney 

*  4.  A  Study  in  the-  Sex  Ratio  in  the  Fruit  Fly,  15m W-  .1,  Moenkhaus 

*  5  Some  Photoaxaphs  (Lantern  Slides)  of  Daniel's  Comet,  1907,  20m W.  A.  Cogshall 

*  6  The  Celebration  by  the  New  York  Academy  of  Sciences  of  the  Two  Huntiredth  .Anniversary  of  the 

Birth  of  Linnaeus,  10m G.  W.  Wilson 

7.     Hand  Dexterity,  15m AG.  Pohlman 

8     The  Autopsy  in  Relation  to  the  Public  Health,  12m H   R.  Alburger 

*  9.     An  Investigation  of  the  Fuel  Value  of  Indiana  Peats,  12m RE.  Lyons 


*() 
*10 
*11 

12 
*13 
*]4 


ZOOLOGY. 

Tardy  Humming  Birds,  5m W.  H    \'an  (iorder 

The  Moulting  Mechanism  of  Lizards  (Lantern  Slides),  20m H.  L.  Bruner 

A  Crow  Roost  near  Remington,  Ind.,  5m F.J.  Breeze 

The  Relation  of  tht  Degree  of  Injury  to  the  Amount  of  Regeneration  and  the  Moulting  Period  in  Gam- 

marius,  15m Mary  Harman 

The  Influence  of  Environment  on  Man,  15m Robert  Hessiei 

Some  Internal  Factors  Controlling  Regeneration  in  Scyphomedu.son,  ('as.siopea  .Xaniaihana.  10m. .  . . 

Charles  Zeleny 

Selective  Fertilization  in  Certain  Fishes.  10m W.J.  Moenkhau' 

Heredity  in  the  Tumor  Cell.  15m H.  R.  Albiu-ger 

The  Circulation  Through  the  Fetal  Mammalian  Heart,  15m A.  G    Pohlman 

The  Technique  of  the  Three  Dimension  Re(onstruction  Model,  15m .\   G    Pohlman 

Experiments  on  the  Rate  of  Regeneration,  10m MM.  Ellis 

Observations  on  the  Senses  and  Habits  of  Bats,  lOni W    L.  Hahn 

Some  notes  on  the  Habits  of  the  common  Bux  TurtL,  5m       -  (Jlenn  Culbertson 

Notes  on  Ecology  of  the  I'itclicr  Plant M.  M    Ellis 
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BOTANY. 


*1.  The  Peronosporales  of  Indiana,  10m G.  W.  Wilson 

2.  The  Existence  of  Roestelia  Pencillata  and  its  Teliosporic  Phase  in  North  America,  15m F.  D.  Kern 

3.  The  Heterotype  Chromosomes  in  Pinus  and  Thuja,  10m I.  M.  Lew  s 

4.  Insect  Galls  of  Indiana,  10m Mel  T.  Cook 

GEOLOGY. 

1.  A  Probable  Origin  of^the^Smal!  Mounds  of  the  Mississippi  and^Texas  Regions,  15ra A,  B.  Reagan 

2.  Indiana  Soil  Types,  10m C.  W.  Shannon 

3.  Structures  in  the  So-Called  "Huron"  Formation  of  Indiana,  induced  by  the  Solution  of  the  Mississip- 

pian  Limestone  Beneath,  10m J.  W.  Beede 

4.  Stratigraphy  of  the  Richmond  Formation  of  Indiana,  20m E.  R.  Cumings 

*5.    Some  peculiarit  es  of  the  Valley  Erosion  of  Big  Creek  and  its  Tributaries  in  Jefferson  County,  6m. . . . 

Glenn  Culbertson 

PHYSICS. 

*1.     The  Cause  of  Surface  Tension,  10  m A.  L.  Folev 

*2.     Loss  of  Weight  in  Chemical  Reactions,  10m J    B.  Dutcher 

CHEMISTRY. 

*1.  The  Electrolytic  Production  of  Selenic  Acid  from  Lead  Selenate,  10m F.  C.  Mathers 

*2.  Some  Complex  Ureids,  5m James  Currie 

*3.  Thiocarbonylsalicylamide  and  Derivatives,  5m R.  E.  Lyons 

4.  The  Volumetric  Determination  of  Selenic  Acid,  5m RE.  Lyons 


*  Papers  so  marked  were  read. 
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THE  TWENTY-THIRD  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE. 


The  twenty-third  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  at  Indianapolis,  Thnrsday  and  Friday,  November  28  and  29, 
1907. 

Thursday  at  6  p.  ni.  hfteen  members  of  the  Academy  dined  at  the 
Claypool.  Following  the  dinner  the  Executive  Committee  met  in  regular 
session  at  the  headquarters. 

At  9  :80  Friday  morning  the  Academy  met  in  one  of  the  rooms  of  the 
Shortridge  High  School.  President  T).  M.  Mottier  presided.  The  transac- 
tion of  business  and  tlie  reading  of  papers  occupied  the  attention  of  the 
Academy  until  eleven  o'clock  when  tlie  I'resident  read  his  paper  on  "The 
History  and  Control  of  Sex." 

Following  the  address  an  adjournment  was  taken  until  2  o'clock.  On 
reassembling  the  business  session  was  held  after  which  other  papers  were 
presented  and  discussed.  At  4  :.S(i  p.  m.,  the  program  having  been  com- 
pleted in  sectional  groups,  the  meeting  adjourned  to  meet  at  some  educa- 
tional institution  in  the  State  outside  of  Indianapolis,  the  place  to  be 
decided  by  the  program  connnlttee. 


3ln  iH^mnnam 


LUCIEN   MARCUS  UNDERWOOD 

BORN 

NEW  WOODSTOCK,   NEW  YORK, 

OCTOBER  TWENTY-SIXTH,   EIGHTEEN  HUNDRED  FIFTY-THREE. 

DIED 

REDDING,  CONNECTICUT, 

NOVEMBER  SIXTEENTH,  NINETEEN  HUNDRED  SEVEN. 


3ln  m^mnrtam 


MOSES  M.  ELROD 

DIED 

COLUMBUS,  INDIANA, 

MAY  TWENTIETH,   NINETEEN  HUNDRED  SEVEN. 


(23) 
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LUCIEN  MARCUS  UNDERWOOD. 


A  Biographical  Sketch. 


Lucieii  M.  Undei-wood  was  born  October  20,  1853,  in  New  Woodstock, 
New  York,  and  died  at  his  liome  in  Redding,  Connecticut,  November  16, 
1907.  At  the  age  of  fifteen  he  entered  Cazenovia  Seminary,  where  he  pre- 
pared for  college.  In  the  fall  of  1878  he  entered  Syracuse  University, 
graduating  from  this  institution  in  1877.  His  career  as  a  seminary  and  as 
a  college  student  was  marked  by  unusual  scholarship.  In  the  college  cur- 
riculum his  favorite  studies  were  history,  mathematics  and  geology.  Dur- 
ing this  period  he  began  the  collection  of  an  herbarium,  and,  self  instructed, 
undertook  the  study  of  the  ferns.  He  also  gave  much  attention  to  ento- 
mology. 

At  the  time  of  his  graduation  he  decided  to  enter  the  profession  of 
teaching  and  for  se\eral  years  his  work  w.as  in  small  institutions  where 
he  was  coni]iel!ed  to  instruct  in  a  wide  range  of  subjects.  In  1878  he  took 
his  masters  degree  at  Syracuse  Ihiiversity,  having  completed  a  year's 
graduate  work  in  addition  to  performing  the  arduous  duties  incident  to 
the  ]>rincipalship  of  a  school  where  he  was  obliged  to  conduct  fourteen 
classes  a  day.  In  1878  and  1879  he  taught  natural  science  in  Cazenovia 
Seminar J-.  In  July  of  1878  he  published  his  first  botanical  paper,  a  list  of 
ferns  occurring  about  Syracuse,  N.  Y.  Prom  this  time  on  his  inclination 
to  specialize  in  botany  grew,  but  it  was  not  until  1880,  when  he  became 
professor  of  geology  and  botany  at  the  Illinois  Wesleyan  University  at 
Bloomington,  that  he  had  opportunity  to  do  much  botanical  work. 

In  1881,  while  at  Bloomington,  he  published  his  manuscripts  on  ferns 
under  the  title  "Our  Native  I'erns  and  How  to  Study  Them."  This  publica- 
tion met  with  great  success,  the  sixth  edition  appearing  in  1900.  In  1883 
he  was  called  to  Syracuse  UniA-ersity  as  instructor  in  geology,  zoology  and 
botany  and  three  years  later  was  made  professor — remaining  in  this  posi- 
tion until  1890  when  ho  secured  a  year's  leave  of  absence  to  study  the 
collections  of  hepatics  in  Harvard  University.  While  in  Cambridge,  Mass., 
he  accepted  a  professorship  of  botany  at  DePauw  University.  This  posi- 
tion was  the  first  which  enabled  him  to  devote  his  time  to  botany  alone. 
For  four  years,  until  1895,  he  enjoyed  at  DePauw  University  a  period  of 
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work  uuder  congenial  siuToiindiugs.  publishing  numerous  papers  on  tlie 
lower  groups  or  plants.  In  1805  he  left  DePauw  to  accept  the  professor- 
ship of  biology  in  the  Alabama  Tolytechnic  Institute  at  Auburn.  After  one 
year  at  Auburn  he  became  professor  of  botany  in  Columbia  University  in 
July,  189(5,  and  continued  in  this  position  the  remainder  of  his  life. 

Dr.  Underwood  was  a  member  of  the  original  committee  on  nomencla- 
ture at  the  Rochester  meeting  of  the  American  Association  in  1892  and  was 
selected  as  the  delegate  to  carry  the  report  of  the  American  botanists  on 
this  question  to  the  International  Botanical  Congress  in  Genoa.  He  was 
one  of  the  vice-presidents  of  the  Genoa  (Jongress.  He  was  vice-president 
of  the  Botanical  Section  of  the  American  Association  at  the  New  York 
meeting  in  189-1. 

At  Columbia  University  his  career  was  one  of  great  honor.  He  was 
one  of  the  ten  botanists  elected  at  the  Madison  meeting  of  the  American 
Association  for  the  Advancement  of  Science  to  form  the  Botanical  Society 
of  America,  and  served  as  president  of  this  organization,  1899  to  1900. 
From  1898  to  the  end  of  1902  he  was  editor  of  the  publications  of  the  Tor- 
rey  Botanical  Club.  He  was  associate  editor  of  the  North  American  Flora. 
He  was  a  member  of  the  Board  of  Scientific  Directors  of  the  New  York 
Botanical  Garden,  serving  as  chairman  since  1901.  Syracuse  University 
in  1006  conferred  upon  him  tlie  degree  of  Doctor  of  Laws  in  recognition 
of  his  long  and  distinguished  scientific  service.  Dr.  Underwood's  published 
botanical  papers  and  texts  number  198  titles.  In  addition  he  was  the 
author  of  other  papers  on  zoology,  geology,  geneology  and  miscellaneous 
subjects.  (See  article  on  the  published  works  of  L.  M.  Underwood  by 
John  llendiey  Barnhart,  Bulletin  Torrey  Botanical  Club,  page  17,  January, 
1908.) 

Dr.  Underv,^ood  was  a  njan  of  cheerful,  genial  disposition,  sympathetic 
an<l  helpful.  He  was  especially  kind  to  students  and  to  young  men  in  his 
profession  and  all  who  came  in  contact  with  him  were  impressed  with 
his  generosity  and  sincerity.  He  had  rare  power  in  making  and  keeping 
friends  and  none  who  has  had  the  good  fortune  to  enjoy  his  acquaintance 
will  forget  the  charm  of  his  delightful  personality. 

In  1881  Dr.  Underwood  was  married  to  Miss  Marie  A.  Spurr.  By  this 
union  there  was  one  daughter  Miss  Helen  Willoughby  Underwood.  Dr. 
L'uderwood  is  survived  by  both  wife  and  daughter. 

During  his  residence  in  Indiana  Dr.  Underwood  took  a  lively  inter- 
est in  the  Indiana  Academy  of  Science,  contributing  many  valuable  papers 
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re])roseiitiiig  a  large  amount  of  researc-li  work  preparatory  to  a  biological 
survey  of  the  State.  His  work  for  the  Academy  was  not  coutiued  to  the 
coiitributiou  oi  scientific  papers,  but  included  faithful  service  ou  commit- 
tees and  aid  in  promoting  the  business  interests  of  the  organization. 
Furthermore  his  concern  for  the  Academy  ^^■as  maintained  throughout  his 
life  and  after  removal  from  the  State  Dr.  Underwood  was  ever  solicitous 
for  the  welfare  of  the  Indiana  Academy  of  Science.  In  the  untimely  death 
of  Dr.  Underwood  the  members  of  the  Academy  have  lost  a  valued  co- 
worker in  science  and  a  true  and  warm  hearted  friend  whose  memory  will 
always  be  held  in  most  tender  regard. 


(Note. — Tlie  larger  part  of  the  data  used  in  the  above  sketch  was 
taken  from  "A  biographical  sl;etch  of  Lucien  Marcus  Underwood,  by  Carl- 
ton Clarence  Curtis,  Bulletin  Torrey,  Botanical  Club,  January,  1908.) 

LIST  OF  PAPPJRS  CO.NTllIBUTED  BY  LUCIEN   M.  UNDERWOOD  TO 
THE  INDlANxV  ACADEMY  OF  SCIENCE  PROCEEDINGS. 

Proceedings,  1891 — 

The  Distribution  of  Tropical  Ferns  in  Peninsular  Florida,  pp.  83-89. 
Some  Additions  to  the  State  Flora  from  Putnam  County,  pp.  89-92. 
Connecting  Forms  Among  the  I'olyporoid  Fungi,  by  title,  p.  92. 
Proceedings,  1892 — 

Marchantia  Polyniurpha.  not  a  Typical  or  Rei)resentative  Livewort,  by 

title,  p.  41. 
A  State  Bioiogica!   Survey — A   Suggestion  for  Our  Spring  Meeting,  by 

title,  ]).  48. 
The  Need  of  a  Large  Library  of  Reference  in  Cryptogamic  Botany  in 

Indiana;   What  the  Colleges  Are  Doing  to  Su]>ply  the  Deficiency, 

by  title,  p.  49. 
Proceedings,  1893 — 

lioport  of  the  i)otanical  di\isi('n  or  the  Indiana  State  biological  survey. 

pp.  13-19. 
Bibliograj)liy  of  Indiana  Botany,  pp.  20-30. 
List  of  Cryptogams  at  jiresent  known  to     Inhabit  the  State  of  Indiann, 

pp.  30-07. 
Our  present   Knowledge  of  th'  Distribution  of  Pterido]»liytes  in   Indi- 
ana, pp.  2o4-2r)8. 
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Prt)ceedingH,  1S94 — 

Report  of  the  bottiiiital  division  of  tin-  Iiuliauii  State  I)iol()i,'iciil  .stirvey 
for  1S94,  abstract,  p.  GG. 

An  increasing  ])ear  disease  in  Indiana,  abstract,  p.  G7. 

Tlie  variations  of  Tolyporus  lAicidus,  abstract,  p.  lo2. 

riie  proposed  new  systematic  botany  of  Nortli  America,  abstract,  p.  loo. 

Report  of  tlie  botanical  division  of  the  Indiana  Slate  l)ioh).i;ical  snrvey 
for  lh94.  With  list  of  additions  to  the  state  tlora.  etc.,  pp.  l-i4-15G. 
Proceedings,  1896 — 

Additions  to  tlie  pnbli.shed  lists  of  Indiana  Cryptogams,  pp.  171-172. 

Resolutions    on    the    Death   of    Lucien    M.  I^nderwood,  Passed   by    the 
Indiana  Academy  of  Science,  in  Session  in  Indianapolis, 
November  29,  1907. 
Whereas,  Lucien  ISIarcns  T'nderweod  has  been  a  member  of  the  Indiana 
Academy  of  Science  and  during  his  residence  in  Indiana  took  a  lively  in- 
terest in   its   affairs   evidenced   by   notable   scientific   researches   and   con- 
tributions to  its  proceedings  as  well  as  by  faithful  services  as  a  member 
of   its  committees   and   help   in   promoting   the   business   interests   of   the 
Academy,  and  whereas,  he  maintained  this  interest  in  the  affairs  of  the 
Academy   through   life   after   his    removal    from    the    State,    and  whereas, 
the  members  of  this  Academy  held  Dr.  Underwood  in  the  highest  esteem 
as  a  true  and  warm-hearted  friend ; 

Be  It  Resolved,  That  in  his  untimely  death  November  16th,  we  have 
lost  a  valued  co-worker  in  science  and  a  friend  whose  memory  will  always 
be  held  in  most  tender  regard.  Furthermore,  be  it  resolved,  That  in  his 
death  America  has  lost  one  of  her  foremost  naturalists,  a  botanist  who  has 
done  masterful  worlc  which  brought  him  the  highest  academic  honors  and 
marked  recognition  from  his  professional  contemporaries  everywhere.  It  is 
further 

Resolved,  That  the  secretary  be  instructed  to  spread  these  resolutions 
upon  the  minutes  of  the  Academy  and  that  a  copy  be  forwarded  to  the 
widow  and  daughter  of  Dr.  Underwood  with  whom  we  sympathize  deeply 
in  their  great  bereavement. 

D.  M.  MOTTIER, 
JOHN  S.  WRIGHT, 
A.  W.  BUTLER, 

Committee. 
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The  History  and  Control  of  Sex. 


David  M.  Mottieb. 

The  student  of  sex  aud  closely  related  problems  of  heredity  may  ra- 
tioually  ask  himself  any  or  all  of  the  following  questions :  What  is  the 
signiticauce  of  sex?  or,  in  other  words,  wliy  are  organisms  male  and  female? 
Is  the  sex  of  the  organism  determined  during  the  early  development  of  the 
individual?  or  is  it  predetermined  in  the  germ  cells?  If  the  former,  what 
conditions  of  tlie  environment  are  favorable  to  tlie  development  of  males 
and  what  to  females?  If  the  latter,  what  is  it  in  the  gametes  or  sex-cells 
that  predetermines  inaleness  or  femaleness? 

As  in  the  establishinent  of  the  doctrine  of  sexuality  itself,  these  ques- 
tions can  be  answered  by  experiment  only  and  by  the  microscopic  investiga- 
tion of  the  germ  cells  and  the  manner  of  their  development.  As  an  intro- 
duction to  what  I  shall  have  to  say  in  this  paper  concerning  sex  control,  I 
desire  to  point  out  briefly  those  lines  of  study  which  seem  to  me  to  have 
been  most  effective  in  establishing  the  doctrine  of  sexuality  in  plants ;  for 
it  will  be  seen  that  the  lines  of  investigation  which  established  the  theory 
of  sex  are  similar  to  those  that  are  yielding  the  most  fruitful  results  in 
the  study  of  the  more  difficult  hereditary  problems  of  the  present  day. 

When  in  the  history  of  civilized  or  semi-civilized  man,  the  idea  arose 
that  }>lants  possess  sex,  no  one  can  tell  or  perhaps  imagine.  Before  the 
days  of  written  history  the  old  Arabs  of  the  desert  knew  that  certain  palm 
trees  produced  fruit,  while  others  did  not,  and,  in  order  that  the  fruit 
might  develop  abundantly,  it  was  necessary  to  bring  the  flowers  of  the 
sterile  trees  and  hang  them  upon  the  branches  of  those  which  bore  the 
fruit.  It  is  evident  that  they  also  practiced  the  caprification  of  the  fig, 
using  the  same  methods  employed  at  the  present  time  in  the  fig-growing 
localities  along  the  Mediteri-anean,  for  we  read  in  Herodotus  who,  in  speak- 
ing of  the  Babylonians,  states  that,  "The  natives  tie  the  fruit  of  the  male 
palms,  as  they  are  called  by  the  Greeks,  to  the  branches  of  the  date-bearing 
palm,  to  lot  tlie  gall-fly  enter  the  dates  and  ripen  them,  and  to  prevent  the 
fruit  falling  off.    The  male  palms,  like  the  wild  fig  trees,  have  usually  the 
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gall-fly  ill  their  fruit."  Herodotus  wiis  iu  error  in  regard  to  the  presence 
of  the  gall  fly  in  the  palm,  and  it  is  said  that  Theophrastus  was  the  first 
to  point  out  the  inaccuracy  in  the  statement.  This  brilliant  and  gifted 
pupil  of  Aristotle  was  probably  the  foremost  of  all  ancient  botanists,  for, 
it  is  said,  he  knew  six  hundred  plants.  The  ideas  of  Theophrastus  upon 
this  subject  seemed  to  be  more  definite  tlian  those  of  his  great  teacher.  He 
regards  the  palir>  and  terebintlis  as  being  some  male  and  some  female,  for 
"it  is  certain,"  lie  says,  "that  among  plants  of  the  same  species  some  produce 
flowers  and  some  do  not;  male  palms,  for  instance,  bear  flowers,  the  female 
only  fruit."  Let  it  be  borne  iu  mind  here  that  neither  Theophrastus  nor 
the  botanists  of  tiie  i(>th  and  17th  centuries  considered  the  rudiment  of 
the  fruit  to  be  a  part  of  the  flower.  Theophrastus  probably  added  very 
little  to  the  Ivuowledge  of  sexuality  in  i>lants  which  had  been  handed  down 
to  him  either  in  the  form  of  tradition  or  through  the  scanty  writings 
upon  natural  history.  That  he  seemed  to  have  made  no  observations  upon 
the  subject,  but  to  liave  relied  in  a  large  measure  upon  heresay,  is  ap- 
parent from  the  following:  "What  men  say  that  the  fruit  of  the  female 
date-palm  does  not  i)erfect  itself  unless  the  blossom  of  the  male  with  its 
dust  is  shaken  over  it,  is  indeed  wonderful,  but  it  resembles  the  caprification 
of  the  fig,  and  it  might  almost  be  concluded  that  the  female  plant  is  not 
by  itself  sufficient  for  the  perfecting  of  the  foetus."  In  the  time  of  Pliny, 
this  idea  of  sexual  dilterence  in  plants  had  been  pretty  well  confirmed  in 
the  minds  of  educated  men.  In  his  "Historia  Mundi,"  in  describing  the  re- 
lation between  the  male  and  female  date-palm,  Pliny  calls  the  pollen-dust 
the  materia]  of  fertilization,  and  says  that  naturalists  tell  us  that  all  trees 
and  even  herbs  have  the  two  sexes. 

Now  while  the  ancients  had  some  notion  of  sex  in  plants,  their  ideas 
were  based  chiefly  upon  certain  apparent  analogies  with  animals.  It  must 
be  borne  in  mind  that  whilst  the  ancients  attributed  to  the  pollen  the  power 
of  fertilization  they  had  no  notion  that  this  fertilization  was  anything 
further  than  some  unexplained  subtile  influence  of  the  flower  dust  upon 
the  fruit.  However,  ^^e  should  wonder  only  at  how  much  they  knew  in 
the  days  or"  Herodotus  and  Theophrastus  as  compared  with  the  progress 
of  knowledge  made  along  this  line  during  the  following  two  thousand 
years:  for  tlje  time  from  Aristotle  to  the  discovery  of  the  cell  by  Robert 
Hooke,  the  publication  of  the  great  works  on  anatomy  by  Malpighi  and 
Grew,  and  the  experiments  of  Camerarins  in  the  latter  part  of  the  17th 
century,  was  a  lapse  of  long  and  dreary  centuries  in  the  history  of  science. 
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This  was  not  because  there  were  no  men  willing  to  devote  their  time  to 
natural  history,  but  chiefly  because  of  the  attitude  of  mind  which  de- 
manded that  problems  arising  be  not  solved  by  observation  and  experi- 
ment, but  by  the  process  of  deductions  from  the  authorities.  The  (pies- 
tion  was  not,  what  do  the  observed  facts  teach?  but,  how  are  they  to  be 
interpreted  from  what  Aristotle  says? 

The  improvement  of  the  microscope  and  tlie  extensi\'e  studies  on  the 
minute  anatojny  of  plants  did  not  bring  the  results  that  might  have  been 
reasonably  expected.  .  In  spite  of  his  excellent  work  on  the  anatomy  of 
plants.  Grew  seemed  to  have  been  unable  to  gain  any  true  insight  into  the 
structure  and  function  of  pollen.  He  did  not  even  consider  the  stamens  as 
the  so-called  male  members  of  the  flower,  speaking  of  them  only  as  the 
attire,  but  he  records  a  conversation  with  an  otherwise  unknown  botanist. 
Sir  Thomas  Millington,  who  was  probably  the  first  person  to  claim  for  the 
stamens  the  character  of  male  organs.  I  quote  from  the  "Anatomy  of 
Plants"  (chap.  V,  sees.  3  and  4,  page  171)  :  "In  discourse  hereof  with  our 
learned  Savilian  professor.  Sir  Thomas  Millington.  he  told  me  he  conceived 
that  the  attire  doth  serve  as  the  male  for  the  generation  of  the  seed.  I 
immediately  replied  that  1  was  of  the  same  opinion  and  gave  him  some  rea- 
sons for  it  and  answered  some  objections  which  might  oppose  them."  But 
how  badly  Grew  must  have  been  confused  in  the  matter  may  be  seen  from 
his  description  of  the  florets  in  the  head  of  certain  Composit;^.  He  re- 
garded the  style  and  stigma  of  the  floral  attire  as  a  portion  of  the  male 
organ,  speaking  of  the  small  globulets  (pollen  grains)  in  the  thecae  (an- 
thers) of  the  seedlike  attire  as  a  vegetable  sperm  which  falls  upon  the  seed 
case  and  so  "touches  it  with  a  prolific  virtue."  Grew  could  conceive  of  sex 
in  plants  only  in  the  form  of  certain  apparent  analogies  with  animals.  He 
reasoned  that  the  same  plant  may  be  both  male  and  female,  because  snails 
and  some  other  animals  are  so  constituted,  but  to  complete  the  similarity 
between  the  plant  and  the  animal  would  require  that  the  plant  should  not 
only  resemble  the  animal,  but  should  actually  be  one.  Down  to  the  year 
IGOl,  about  all  that  was  known  concerning  the  sexuality  in  plants  was  coni- 
laised  in  the  facts  related  by  Theophrastus  for  the  date-palm  and  the  tere- 
binth, and  in  the  conjectures  of  Millington,  (Jrew  and  others,  while  Mal- 
pighi's  views  in  opposition  to  these  authors  were  considered  eipially  well 
founded. 

The  doctrine  of  sexuality  in  i)lants  could  only  be  raised  to  the  rank 
of  scientific  fact  bj'  experiment.     It  was  necessary  to  show  that  no  seed 
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capable  of  j^ermiiuitiun  could  be  formed  witliout  the  aid  of  i)olleii,  and  all 
historic  records  conciir  in  proviiig  that  Ifudolpli  Jacob  Camerarius  was  the 
first  to  attempt  to  solve  the  problem  in  this  way.  Dioecious  plants  were 
cultivated  apart  from  each  other,  but  no  perfect  seeds  were  formed.  He 
removed  the  stamens  from  the  flowers  of  the  castor  oil  plant  and  the 
sti.srmas  from  maize,  with  the  result  that  no  seeds  were  set  in  the  castor 
oil  plant,  and  in  the  i)lace  of  grains  of  corn  only  empty  husks  were  to  be 
seen.  The  results  of  Camerarius  were  published  in  1091-94.  At  this  time 
the  authority  of  the  ancients  was  so  great  that  Camerarius  thought  it  neces- 
sary to  insist  that  the  \iews  of  Aristotle  and  'J'heophrastus  were  not  op- 
posed to  the  sexual  theory.  Among  the  few  experiments  carried  out  in  the 
next  fifty  years  were  those  of  the  Governor  of  Pennsylvania,  James  Logan, 
an  Irishman  by  birth.  Logan  exi)erimented  with  some  plants  of  ulaize. 
Upon  a  cob  from  which  he  removed  some  of  the  stigmas,  or  silks,  he  found 
as  many  grains  as  there  were  stigmas  remaining.  One  cob  which  was 
wi'apped  in  m\islin  before  tlie  silks  appeared,  produced  no  kernels.  In  1751, 
Gleditsch,  director  of  the  botanic  garden  in  Berlin,  had  been  told  that  a 
date  palm  eighty  years  old,  which  liad  been  brought  from  Africa,  never 
bore  fruit.  As  there  was  no  stanunate  tree  of  the  species  in  Berlin.  Gled- 
itsch ordered  pollen  sent  from  Ijcii^ig.  The  .iourney  required  nine  days, 
and  although  Gleditsch  thought  the  pollen  spoiled,  the  male  infiore.scence 
was  hung  upon  the  Berlin  tree,  with  the  result  that  seeds  were  set  which 
germinated  in  the  follov^^ing  spring. 

The  century  following  the  discovery  of  Camerarius  was  characterized 
by  two  lines  of  investigation  which,  more  than  any  other  activity  of  bot- 
anists, led  to  the  complete  establishment  of  the  sexual  theory.  I  refer  to 
the  refutation  of  the  old  theory  of  evolution  together  with  the  birth  of  the 
doctrine  of  epigenesis,  and  the  discovery  of  hybridization ;  the  first  of  these 
being  the  outcome  of  microscopic  studies,  and  tlie  latter  that  of  experimen- 
tation. It  may  be  said  in  this  connection  that  the  history  of  biological 
science  teaches  that  the  greatest  and  the  most  substantial  progress  has 
been  made  where  the  studies  of  the  morpliologist  and  of  the  experimenter 
have  gone  on  side  by  side,  the  one  serving  as  a  control  upon  the  other. 
According  to  the  old  theory  of  evolution,  or  the  inclusion  theory,  that  the 
germ  in  every  seed,  for  example,  contained  all  the  parts  of  the  organism, 
and  that  this  germ  enclosed  a  similar  one  in  miniature,  and  so  on,  like  a 
box  within  a  box.  This  view  of  the  inclusion  of  germ  within  germ  was 
very  prevalent  in  the  ISth  century,  and  Kaspar  Friedrich  Wolf  (1759)  has 
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been  given  the  credit  of  refutiug  it.  Wolf,  in  liis  doctor's  thesis  on  the 
•'Theory  of  Generation,"  maintained  that  the  embryo  and  organs  of  a  plant 
dfvelop  not  by  the  unfolding  of  parts  already  present  in  miniature,  but 
tl^at  thej-  grew  out  of  undifferentiated  rudiments,  the  theory  of  epigenesis. 
However,  Wolf's  arguments  were  far  from  convincing,  as  he  held  that  the 
act  of  fertilization  was  merely  another  form  of  nutrition. 

About  the  same  time  experiments  in  hybridization  were  being  carried 
on  by  several  investigators,  and  the  results  obtained  supplied  much  more 
convincing  proof  against  the  old  theory  of  evolution.  Among  the  fore- 
most men  in  this  held  were  Gottlieb  Koelreuter  and  Christian  Konrad 
fSprengel.  Wliile  K.olreuter  brought  together  many  important  observations 
on  the  sexuality  of  plants,  yet  his  greatest  service  consisted  in  the  produc- 
tion of  hybrids.  In  this  connection  it  may  be  of  interest  to  note  that  his 
first  hybrids  were  produced  between  two  species  of  tobacco  plants.  Nico- 
tiana  paniciiin  and  N.  rnstica.  What  he  accomplished  did  not  require  be- 
ing changed,  but  when  combined  with  later  observations  has  been  used  in 
the  discovery  of  general  principles  of  hybridization.  His  work  seems  to 
belong  to  our  time.  Koelreuter  sliowed  that  only  closely  allied  plants,  and 
not  always  these,  were  capable  of  producing  hybrids,  and  that  the  mingling 
of  parental  characters  in  the  hybrid  was  the  best  refutation  of  the  theory 
of  evolution.  It  was  no  easy  matter  to  place  the  proper  estimate  upon  the 
value  of  the  contributions  of  this  gifted  observer.  The  collectors  of  the 
Linnaean  school,  as  well  as  the  true  systematists  at  the  close  of  the  IStli 
century,  who  wielded  a  powerful  influence  upon  botanical  thought,  had  lit- 
tle understanding  for  such  labors  as  Koelreuter's,  and  incorrect  ideas  of 
hybrids  prevailed  in  spite  of  botanical  literature.  Hybrids  were  also  incon- 
venient for  the  believers  in  the  constancy  of  species. 

Koelreuter's  studies  were  not  confined  to  hybridization  alone,  for  he  di- 
rects attention  to  the  natural  way  of  the  transfer  of  pollen  from  stamen 
to  stigma,  being  the  tirst  to  recognize  the  agency  of  insects.  He  studied 
pollen  grains,  showing  that  fertilization  followed  pollenation  in  the  ab- 
sence of  light,  and  rejected  the  idea  that  the  pollen  grain  passed  bodily 
into  the  ovary.  With  the  microscope,  however,  he  was  less  skillful  than 
as  an  experimenter,  for  he  supitosed  the  pollen  grain  to  be  solid  tissue,  and 
the  fertilizing  substance  to  be  oil  which  adheres  to  the  outside  of  the  grain 
and  finds  its  way  to  the  ovule.  The  pollen  tube  had  not  been  discovered, 
although  the  time  was  one  hundred  years  after  the  discovery  of  the  cell 
by  IJobert  Hooke. 
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As  Camerariiis  first  i)i'oved  the  sexuality  of  plants,  and  Koelreuter 
showed  that  dlflerent  species  can  unite  sexually  to  produc(!  hybrids,  so 
Spreiigel  demonstrated  that  a  certain  ^cind  of  liybridization  was  very  com- 
mon in  the  vegetable  kingdom,  namely  the  crossing  of  flowers  of  different 
individuals  of  the  same  species.  To  him  belongs  the  credit  for  having  first 
shown  the  part  played  by  insects  in  cross  pollenatiou,  and  pointing  out  the 
correlation  between  such  properties  of  the  flower  as  color,  odor,  nectar, 
special  forms  and  markings,  and  so  forth,  and  the  visiting  insects. 

Karl  Friederick  Gaertner,  son  of  Joseph  Gaertner,  took  up  the  work  so 
ably  begun  by  Koelreuter,  and  greatly  extended  the  knowledge  of  hybridi- 
zation, having  kept  accurate  account  of  nine  thousand  experiments.  His 
work  was  published  in  1849.  Sachs  states  that  "These  observations  once 
more  confirmed  the  existence  of  the  sexuality  in  plants,  and  in  such  a 
manner  that  it  could  never  again  be  disputed.  When  facts  were  observed 
in  ISGO,  which  led  to  the  presumption  that  under  certain  circumstances  in 
certain  individuals  of  some  species  of  plants,  the  female  organs  miglit  pro- 
duce embryos  capable  of  development  without  the  help  of  the  male,  there 
was  no  thought  of  using  these  cases  of  supposed  parthenogenesis  to  dis- 
prove the  existence  of  sexuality  as  the  general  rule ;  men  were  concerned 
only  to  verify  first  of  all  the  occurrence  of  the  phenomena,  and  then  to 
see  how  they  were  to  be  reasonably  understood  side  by  side  with  the  ex- 
isting ideas  of  sexuality."  Gaertner's  experiments  were  conducted  at 
Claw,  in  Wurtemberg,  the  place  in  which  Koelreuter  carried  on  his  studies ; 
Camerarius  worked  in  Tubingen. 

While  the  experimenters  in  hybridization  were  at  work,  the  student 
with  the  microscope  was  no  less  busy.  In  1823,  Amici  discovered  the  pollen 
tube  in  the  stigma,  and  the  fact  was  confirmed  by  others.  In  1830,  the 
same  observer  traced  the  pollen  tube  into  the  ovule.  Schleideu  and 
Schacht  now  came  forward  with  their  erroneous  theory  of  the  formation 
of  the  embyro  in  the  seed.  They  maintained  that  the  embyro  develops 
from  the  end  of  the  pollen  tube  after  the  latter  enters  the  ovule.  It  is 
clear  that  this  doctrine  would  do  away  with  the  essential  point  in  the 
sexuality  of  plants,  for  the  ovule  would  be  regarded  merely  as  an  incu- 
bator for  the  embyro.  Amici,  in  184G,  brought  forth  decisive  proof  for  the 
view  he  had  maijitained.  namely,  that  the  embryo  arises  not  from  the  end 
of  the  pollen  tube,  but  from  a  portion  of  the  ovule  which  already  existed 
btfore  fertilization,  and  that  tliis  part  is  fertilized  by  a  fluid  contained  in 
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the  poileu  tube.  The  correctness  of  this  view  was  coufirmed  the  following 
year  by  von  Mohl  and  Hotiueister,  the  latter  of  whom  described  the  points 
in  detail  whidi  decided  the  questiou.  and  illustrated  them  with  beautiful 
figures. 

Following  the  publication  of  Amici,  a  vehement  controversy  arose  be- 
tween the  adli.erents  of  tlie  views  ot  Scldeiden  and  tliose  of  Amici.  A  prize 
otiered  by  the  Institute  of  tlie  Netlierlands  at  Amsterdam  was  awarded  to 
an  essay  by  Schacht  in  185U,  wliich  defended  Schleideu's  tlieory,  and  illus- 
trated it  by  a  number  of  drawings  giving  both  incorrect  and  inconceivable 
representations  of  the  decisive  points.  In  this  case  tlie  prize  essay  was  re- 
futed before  it  appeared,  by  von  Molil,  Hofmeister  and  Tulasue.  Von  Mohfs 
words  uttered  in  1863  in  regard  to  the  value  of  prize  essays  are  so  fitting 
at  the  present  day  that  I  can  not  refrain  from  quoting,  lie  said :  "Now 
that  we  know  that  Schleideii"s  doctrine  was  an  illusion,  it  is  instructive, 
but  at  the  same  time  sad,  to  see  how  ready  men  were  to  accept  the  false 
for  the  true;  some,  renouncing  all  observation  of  their  own,  dressed  up 
the  i)hantom  in  theoretical  principles ;  others  with  the  microscope  in  hand, 
but  Jed  astray  by  their  preconceptions,  believed  that  they  saw  what  they 
could  not  have  seen,  and  endeavored  to  exliibit  the  correctness  of  Schlei- 
den's  notions  as  raised  above  all  doubt  by  the  aid  of  hundreds  of  figures, 
which  had  everything  but  truth  to  recommend  them ;  and  how  an  academy 
by  ri'warding  sucli  work  ga\'e  fresh  confirmation  to  an  experience  which 
had  been  re])eated]y  made  good  especially  in  our  own  subject  during  many 
years  i)ast.  namely,  that  prize  essays  are  little  adapted  to  contribute  to 
the  solution  of  a  doubtful  question  in  science." 

The  discovery  of  the  sexual  process  in  cryptogams  by  Thuret,  Prings- 
lieim  and  otliers  followed  witliin  four  or  hve  years  after  the  comi)lete 
establislnnent  of  that  process  in  the  higher  plants.  It  seems  strange  to 
us  now  that  a  ])henonienon  so  easy  of  observation  was  not  discovered  un- 
til its  occuj-rence  had  been  cojni)letely  demonstrated  in  organisms  present- 
ing the  greatest  difficulties  to  its  investigation.  However,  it  is  of  inter- 
est to  recall  that  just  thirty-two  years  ago  Strasburger  traced  the  essen- 
tial constituents  of  tlie  nucleus  in  unbroken  secpience  from  one  cell  genera- 
tion lo  another,  tiius  establishing  for  the  nucleus  the  rank  of  morphologi- 
cal unity;  and  just  thirty-two  years  ago  also  Oscar  Ilertwig  showed  that 
fertilization  consists  essentially  in  the  union  of  the  two  gamete  nuclei. 
It  only  remained  now  for  later  studies  on  the  cell  to  conlirm  and  to  estab- 
lish the  doctrine  that  the  nucleus  is  the  bearer  of  the  heredity  characters. 
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With  this  is  \-io\v,  wo  are  now  ready  to  eousidiir  some  of  the  modern 
phases  of  our  subject. 

Anj'  effort  to  trace  the  development  of  the  sexual  process  with  all  cor- 
related phenomena  \A'i>uld  lead  us  into  an  overwhelming  mass  of  details. 
Consequently,  I  shall  merely  recall  that  among  the  lowest  plants  sexuality 
does  not  exist,  and  that,  in  the  simplest  plants  with  a  sexual  process,  the 
sex  cells,  or  gametes,  are  scarcely  to  be  distinguished  from  the  non- 
sexual reproductive  cells.  The  conclusion  is  that  gametes  were  originally 
derived  from  a  sexual  propagative  cells.  There  is  accordingly  no  differen- 
tiation into  male  and  female.  The  life  cycle  of  these  simple  sexual  plants 
is  also  simple,  and  it  is  reasonable  to  sui)pose  that  a  corresponding  degree 
of  differentiation  obtains  in  the  chromatin  or  hereditary  substances  of  tne 
sex  cells.  As  we  ascend  in  the  scale  of  e-s'olution  toward  higher  and  more 
complex  organisms,  we  find  a  corresponding  differentiation  in  all  struc- 
tures and  functions,  and  may  we  not  assume  also  that  the  hereditary  sub- 
stance, or  germ  plasm,  is  likewise  specialized  and  differentiated?  There- 
fore, sex  is  the  expression  of  a  ver.v  fundamental  sort  of  division  of  labor. 
I  do  not  mean  by  that  a  division  of  labor  which  is  of  a  secondary  nature 
such  as  man  has  ascribed  to  the  individuals  of  his  own  species,  but  that 
of  a  purely  hereditary  character — or  may  I  say  maleness  and  femaleness 
in  the  broadest  and  most  fundamental  sense. 

How  then  did  sex  come  about?  And  what  is  it  that  determines  that 
one  individual  or  member  of  a  life  cycle  will  be  male  and  another  female? 
To  ask  such  questions  fifty  or  even  twenty-five  years  ago  might  have  been 
regarded  as  visionary.  Not  so  today.  Considered  from  the  botanical  stand- 
point, the  problem  of  sex  determination  has  to  deal  with  a  certain  category 
of  phenomena  that  are  in  )nany  respects  fundamentally  different  from  those 
presented  by  ajiimals.  In  plants  in  which  sex  differentiation  is  well  defined, 
there  is  in  every  comi)lete  life  cycle  two  phases  known  as  the  sexual  and  the 
asexual,  or  gametophyte  and  sporophyte.  The  sporoi)hyte  springs  from  the 
fertilized  egg  or  the  union  of  sex  cells.  This  sporophyte  in  turn  bears 
spores  which  give  rise  to  gametophytes.  This  may  be  made  clear  by  means 
of  an  example  .such  as  the  fern.  The  spores  borne  on  the  leaves  of  the  fern 
do  not  ])roduce  directly  new  ferns,  but  very  small  plants  known  as  pro- 
thallia,  which  in  the  simjiler  ferns  are  indei>endent  and  self-nourishing  in- 
dividuals. The  prothallia  are  the  sexual  plants.  They  bear  the  sex  or- 
gans, which  is  turn  produce  eggs  and  sperms.  The  prothallia  may  be 
eitlier  purely  male  or  female  or  hermaphrodite.     When  the  egg  is  fertilized 
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it  develops  immediately  into  the  sporophyte,  or  what  we  commonly  know  as 
the  fern.  Thus  the  sexual  plant,  or  sametophyte  (female  gametophyte) 
not  only  produces  the  sex  or.^ans,  but  serves  as  the  incubator  and  brooder 
for  the  young  sporophyte.  The  life-cj'cle  of  the  highest  plants  such  as 
trees  and  sunflowers  consists  also  of  these  two  generations,  but  the  rela- 
tive size  and  mutual  relation  of  sporophyte  and  gametophyte  are  different 
in  the  higher  plants.  For  example,  the  beech  tree  is  the  sporophyte,  the 
gametophyte  being  the  pollen  tube  and  the  embryosac  of  the  undeveloped 
seed.  Here  the  reverse  condition  prevails  as  regards  the  mutual  relation 
of  sporophyte  and  gametophyte  to  that  in  the  fern,  namely,  the  sporophyte 
nourishes  the  young  sjiorophyte  as  well  as  both  gametophytes. 

Now,  we  are  in  the  habit  of  speaking  of  male  and  female  flowers 
according  as  they  are  wholly  staminate  or  pistillate,  and  the  plant  that 
bears  only  staminate  flowers  we  call  male,  while  the  one  bearing  only  pis- 
tillate flowers  is  designated  as  the  female  individual.  However,  in  the 
strict  morphological  sense  the  sporophyte  is  without  sex,  hence  trees  can 
be  neither  male  nor  female,  and  to  avoid  trouble  and  useless  discussion, 
it  is  doubtless  better  to  speak  of  staminate  and  pistillate  trees ;  for  we 
shall  see  that  the  sex  of  any  complete  life-cycle  is  determined  and  fixed  in 
the  germ  cells.  From  the  foregoing  it  is  quite  clear  that  in  the  animal 
kingdom,  apart  from  one  or  two  cell  generations,  there  is  nothing  in  the 
life-histoi'y  that  is  comparable  to  sporophyte  and  gametophyte. 

We  are  now  ready  to  answer  the  question,  upon  what  does  the  differ- 
entiation into  gametophyte  and  sporophyte  depend?  Our  explanation  of 
this  doctrine  is  based  upon  the  theory  of  the  hereditai'y  substance.  Doubt- 
less nearly  all  biologists  concur  in  the  view  that  the  hereditary  charac- 
ters are  borne  by  a  substance  in  the  nucleus  of  the  cell  called  chromatin. 
When  the  nucleus  divides  the  chromatin  differentiates  into  a  definite  num- 
ber of  pieces  known  as  chromosomes.  The  number  of  chromosomes  is 
always  constant  for  the  reproductive  cells  of  any  species.  In  all  the  cells 
of  the  sporophyte  of  any  plant,  which  lie  in  the  germ  tract,  there  are,  let 
us  say,  a  definite  number  of  chromosomes  designated  by  ».  During  the  for- 
mation of  spores,  however,  the  number  is  reduced  to  one-half,  or  n.,. 
Now  each  si)()ro  has  n.  chromosomes,  and  the  cells  of  the  gametophyte  re- 
sulting therefrom  will  possess  «,  chromosomes;  consequently  the  egg  and 
the  sperm  will  have  each  )i,_  chromosomes.  Tt  is  apparent  that  when  egg 
and  sperm  unite,  the  fecundated  egg  and  the  individual  arising  from  it 
will  contain  «,.  plus  n.  or  n  chromosomes. 
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The  most  fiinclanieutal  difference  between  sporophyte  and  gametophyte 
lies  in  the  fact  tliat  the  latter  possess  just  one-half  as  many  chromosomes 
as  the  former.  This  hereditary  difference  between  sjjorophyte  and  gameto- 
phyte and  the  change  which  brings  about  the  transition  may  be  made  clear 
by  means  of  the  following  figure,  showing  diagramatically  the  behavior  of 
the  chromatin.  Fig.  1  illustrates  the  behavior  of  the  chromatin  in  an  ordi- 
nary vegetative  cell.  Here  the  chromatin  segments  passing  into  the  new 
nuclei  are  formed  by  a  longitudinal  fission  of  a  single  chromosome — an 
equational  division.  In  Fig.  2,  a  to  /,  is  shown  the  first  or  reducing  divi- 
sion in  spore  mother  cells.  One-half  of  the  somatic  chromosomes  pass  to 
one  of  the  daughter  nuclei  and  the  other  half  to  the  other,  thus  bringing 
about  the  reduction  of  tlie  number.  The  second  division  in  the  spore 
mother  cell  (.'/  to  /)  is  equational. 


Fig.   1. 

Fig:.  1.  Diagrams  showing  the  behavior  of  the  chromatinlduring  an  ordinary  somatic 
mitosis,  a.  nucleus  in  resting  condition,  showing  chromatin[distributed  in  small  granules 
within  the  linin  network  and  a  nucleolus,  b.  the  chromatin  spirem  has  formed  and  it  has 
split  longitudinally,  c.  the  spirem  has  segmented  into  chromosomes,  e.  g.,  eight,  d.  spin- 
dle stage;  chromosomes  arranged  in  the  equatorial  plate,  e.  anaphase;  daughter  chromo 
somes  moving  toward  the  poles  of  the  spindle,  f.  daughter  nuclei,  each  containing 
eight  daughter  chromosomes.  Such  a  division  is  known  as  equational,  since  the  two  re- 
sulting nuclei  are  hereditarily  alike. 


The  parallel  between  plants  and  animals  is  found  in  the  phenomenon 
of  the  reduced  number  of  chromosomes  in  the  sex-cells,  with  this  distinction, 
that  in  higher  plants  the  reduction  in  the  number  of  the  chromosomes  oc- 
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curs  wheu  the  spores  are  fonned,  which  may  be  many  thousands  of  cell 
generations  renioAed  from  the  time  in  ontogeny  when  eggs  and  sperms  are 
differentiated;  whiJe  in  animals  the  reduction  immediately  precedes  the 
formation  of  the  gametes.  In  regard  to  the  chromosomes  themselves,  the 
view  generally  ]irevailing  is  that  each  possess  a  distinct  identity  or  indi- 
viduality which  is  maintained  throughout  ontogeny-,  and  phenomena  per- 
taining thereto  have  been  presented  under  the  theory  of  the  individuality 
of  the  chromosomes.  Very  recently,  however,  the  idea  of  individuality  has 
been  taken  away  from  the  chromosomes  and  applied  to  smaller  units,  sucb 
as  the  chromomeres.  or  better  the  microscojtically  distinguishable  granules 
which  make  ni»  tlie  chromomeres.  We  may  call  these  particles  pangens, 
or  select  any  name  which  may  be  convenient  and  likely  of  adoption.  The 
writer  has  expressed  liis  views  on  this  subject  in  greater  detail  in  a  recent 
publication,  and  only  a  few  l)rief  statements  will  be  made  here,  in  as  much 
as  a  fuller  discussion  is  regarded  as  being  too  technical  for  a  general  audi- 
ence. The  idea  of  individuality  is  applied  to  the  chromomeres  or  the  small 
particles  composing  them,  chiefly  because  the  identity  of  the  chromosome 
is  lost  in  the  restin  nucleus.  There  are  no  good  reasons  to  believe  that 
a  given  chromosome  always  contains  the  same  hereditary  qualities  in  any 
succession  of  cell  generations.  Furthermore,  no  special  importance  should 
be  attached  to  the  different  sizes  of  the  chromosomes,  for,  as  a  rule,  one 
of  the  most  striking  ]»lienomena  in  a  dividing  nucleus  is  tlie  marked  differ- 
ence in  the  size  of  the  chromosonit's.  These  small  material  particles,  or 
pangens,  are  responsible  for  the  characters  of  the  individual,  although  they 
are  not  regarded  as  the  immediate  characters  themselves.  They  may  be 
roughly  compared  with  ferments,  bringing  about  changes  which  collectively 
constitute  development,  and  produce  those  chemical  re-arrangements  of 
which  form,  color,  and  so  forth,  are  the  visible  expression.  Fused  gamete 
nuclei,  however,  do  not  constitute  a  chemical  union  but  a  mechanical  mix- 
ture. The  numerical  reduction  of  the  chromosomes  is  a  consequence  and 
a  condition  ol  sexuality.  It  i-^  probably  not  a  mere  halving  of  the  bulk  of 
the  chromatin,  but  a  selection  and  a  distribution  between  dauglitei-  cells  of 
structural  entities — the  pi-iniordia  of  cliaractors  which  ;\re  handed  from 
one  generation  to  another.  The  Mendelimi  princi|)le  shows,  if  it  shows 
an.vthing  worth  while,  that  these  units  ;\c|  iudeixMidently.  'i'he  nucleus, 
therefore,  dinvts  and  controls  cellular  development,  'i'he  outer  manifesta- 
tions known  as  variation  ai'e  jivobably  (ln(>  to  \ho  inter  action  of  nucleus 
and  cyt(>i)lasm. 
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Fig.  2. 

Fig.  2.  Diagrrams  illustrating  the  behavior  of  the  chromatin  during:  the  two  matura- 
tion divisions  in  a  spore  mother  cell.  a—f.  tirst  or  heterotypic  mitosis,  a.  resting 
nucleus,  same  as  in  fig.  1.  b.  longitudinally  split  chromatin  spirem  developed  from  a; 
the  halves  of  the  spirem  are  twisted  upon  each  other,  c,  spirem  has  segmented  into 
eight  chromosomes  which  have  approximated  in  pairs  to  form  the  four  bivalent  chromo- 
somes. These  eight  chromosomes  were  united  end  to  end  in  the  spirem  of  b,  just  as  in 
the  ordinary  somatic  mitosis,  d.  spindle  with  the  four  bivalent  chromosomes  arranged 
in  the  equatorial  plate,  e.  anaphase,  the  four  chromosomes  retreating  towards  the  poles 
of  the  spindle.  Each  of  these  retreating  chromosomes  is  now  more  clearly  seen  to  be 
composed  of  two  halves  which  were  formed  by  the  longitudinal  splitting  in  b.  f.  daugh- 
ter nuclei  in  which  the  spirems  will  be  formed  by  the  union  end  to  end  of  the  daughter 
segments.  This  is  the  division  in  which  the  number  of  chromosomes  is  reduced  to  one- 
half,  because  whole  chromosomes  pass  to  each  daughter  nucleus.  If  these  whole  chromo- 
somes are  different  in  hereditary  characters,  the  division  is  qualitative  or  differential. 
a—i.  second  or  homotypic  mitosis,  g.  spindle  showing  the  four  chromosomes  arranged 
in  the  equatorial  plate;  the  free  ends  of  the  daughter  segments  of  each  chromosome 
diverge  from  each  other,  h.  the  segments  passing  to  the  poles  of  the  spindle,  i.  the 
grand-daughter  nuclei  resulting  from  the  second  mitosis.  This  is  an  equasional  division, 
because  it  consists  of  the  separation  of  half  chromosomes,  or  daughter  segments,  formed 
by  the  longitudinal  fission  of  whole  chromosomes. 
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In  speaking  of  sex,  let  us  bear  in  mind  that  among  both  animals  and 
plants  there  may  be  three  kinds  of  individuals  :  Dioecious  species,  in  which 
the  individuals  are  unisexual,  either  male  or  female;  monoecious,  with 
bisexual  or  hermaphrodite  individuals;  and  parthenogenetic,  in  which  in- 
dividuals pi'oduce  eggs  that  develop  without  fecundation.  We  may  now  take 
up  the  question,  wiiether  the  sex  of  the  individual  is  determined  by  fac- 
t<.)rs  of  the  environment,  or  is  it  predetermined  in  the  chromatin  of  the 
sex  cells,  i.  e.,  in  either  sperm  or  egg  or  both?  Of  the  environmental  fac- 
tors, that  which  is  supposed  to  play  the  most  important  role  is  nutrition, 
and  in  the  case  of  plants,  It  is  probably  the  only  one  that  need  be  consid- 
ered, for  other  important  factors,  such  as  light  and  heat,  are  only  influ- 
ential in  so  far  as  they  affect  nuti'ition.  But  we  should  also  understand 
that  we  have  two  sorts  or  two  categories  of  environmental  conditions.  In 
case  the  fecundated  egg  develops  wholly  apart  from  the  parental  body,  and 
as  a  completely  independent  individual,  its  supply  of  nourishment  is  from 
the  external  world ;  but  in  those  cases  in  which  tlie  incubation  of  the  fer- 
tilized egg  and  the  early  development  of  the  embyro  take  place  within  the 
parental  body,  the  food  supply  will  depend  upon  the  condition  of  the  par- 
ent. AVhile  the  conditions  of  these  two  categories  seem  very  different,  yet 
it  will  be  found  that  the  hnal  results  are  essentially  the  same. 

For  the  sake  of  simplicity,  a  few  instances  from  the  animal  kingdom 
will  be  mentioned.  Experiments  were  carried  on  by  Riley  and  others  to 
determine  whether  the  starving  of  cateri^illars  of  butterfles  might  influence 
the  number  of  males  and  females ,  for  under  normal  conditions  of  nutri- 
tion the  catej'pillars  produce  both  juales  and  females,  and  because  it  is  not 
possible,  says  Riley,  to  make  caterpillars  take  more  food  than  they  do  nat- 
urally. The  results  of  the  experiments  showed  that  an  excess  or  diminu- 
tion of  food  does  not  alter  the  proportion  of  the  sexes.  Upon  this  point 
Morgan  (Exp.  Zool.,  p.  377)  makes  the  following  statement:  "The  futility 
of  many  of  these  experiments  has  now  bec.'ome  apparent,  since  it  has  been 
shown  that  tlio  sex  of  the  caterpillar  is  already  determinetl  when  it  leaves 
the  egg.  Under  these  circumstances  it  is  not  probable  thtit  feeding  could 
produce  a  change  in  the  sex.  It  is  much  more  probable  that  starvation  or 
overfeeding  could  only  affect  the  proportion  of  males  and  females  by  bring- 
ing about  a  greater  mortality  of  the  individuals  of  one  sex."  Numerous 
studies  have  been  made  upon  tlie  silk  worm  by  Kellog  and  Bell,  and  by 
Cuneot  upon  flios  and  moths,  to  determine  the  influence  of  food  conditions 
upon  the  sex  of  tlie  individual  and  upon  that  of  the  egg  and  sperm,  with 


41 

the  conclusion  that  the  sex  is  not  determinorl  by  external  conditions.  While 
the  preponderance  of  evidence  along  this  line  seems  to  argue  strongly 
against  any  influence  upon  sex -determination  by  food  conditions,  yet  there 
is  one  case,  that  of  Hydatena  senta  and  the  daphnid,  Simocephalus,  investi- 
gated by  Nussbaum  and  others,  in  which  it  seemed  probable  that  food 
might  have  some  determining  influence.  JNIaupas,  on  the  other  hand,  re- 
garded temperature  and  not  food  as  the  influential  factor.  In  this  con- 
nection, the  studies  of  von  Malsen  (Archiv.  f.  mikr.  Anat.,  69:  63-97,  1906.) 
upon  a  small  worm,  Dinophilus  apatris,  and  of  Issakowitsch  (Idem)  upon 
daphnids,  are  of  especial  interest.  Von  Malsen  found  that  a  higher  tem- 
perature (26^  C)  was  favorable  to  the  development  of  males,  while  a  lower 
temperature  gave  an  increased  ratio  of  females.  He  does  not  attribute  the 
change  in  the  sex  ratio  to  the  temperature  directly,  but  indirectly  as  affect- 
ing tlie  nutrition  of  the  animal.  The  amount  of  food  at  the  disposal  of 
the  animal  was  the  same,  but  at  the  higher  temperature,  the  sexual  ac- 
tivity of  the  animal,  i.  e.,  the  rapidity  with  which  a  large  number  of  eggs 
was  produced,  was  abnormally  accelerated,  so  that  the  bodily  nutrition  was 
insufficient  for  the  proper  nourishment  of  the  eggs.  Consequently,  at  a 
higher  temperature  a  larger  number  of  eggs  are  produced,  and  among 
them  is  a  proportionately  large  number  of  smaller  or  male  eggs.  At  a 
lower  temperature,  on  the  contrary,  reproductive  activity  was  slower,  and 
among  the  smaller  number  of  eggs  developed,  a  larger  ratio  of  well  nour- 
ished female  eggs  was  the  result.  There  was  more  time  for  the  develop- 
ment of  these  eggs,  and  consequently  more  food  placed  at  their  disposal. 
To  estimate  the  value  of  these  statements  it  is  necessary  to  examine  the 
data  upon  which  the  conclusions  are  based.  The  number  of  eggs  considered 
and  the  sexual  ratio  in  the  warm  and  cool  cultures  are  shown  in  the  fol- 
lowing tables : 

NORMAL. 
No.  of  Eggs.  Male.  female.     Ratio  of  Male  :  Female. 

1140  327  813  1:2.4 

Number  of  eggs  at  each  laying,  5.6. 

COOL. 

So.  of  Eggs.  Male.  Female.     Ratio  of  Male  :  Female. 

3948  973  2975  1:3.5 

Number  of  eggs  at  each  laying,  4.2. 
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AVARM. 

Ao.ofE(/gs.  Male.  Female.     Jiatio  of  Male  :  Female. 

1393  mi  880  1:1.7 

Number  of  eggs  at  eacli  laying,  3.6. 

At  the  higher  temperatures  it  commonly  happened  that  the  eggs  were 
developed  so  rapidly  that  the  body  of  the  animal  was  entirely  filled  from 
one  end  to  the  other,  the  head  appearing  as  a  smallpoiut,  the  intestine 
so  compressed  as  to  be  scarcely  visible.  In  this  condition  the  animal  is 
unable  to  move  and  soon  perishes.  At  the  higher  temperature,  therefore, 
a  larger  number  of  eggs  are  produced  so  rapidly  that  the  body  can  not 
properly  nourish  them.  It  seems  to  me  that  von  Malsen's  conclusions 
should  be  accepted  with  much  reserve,  because  of  cei'tain  probable  sources 
of  error.  In  the  first  place  he  seemed  to  have  based  his  estimate  of  males 
and  females  upon  the  size  of  the  eggs  alone,  the  large  ones  representing  fe- 
males, the  smaller  eggs  males.  From  the  very  marked  variation  in  the  size 
of  the  female  eggs,  as  given  from  his  own  measurements,  it  would  seem  that 
size  alone  would  not  be  a  sti'ictly  accurate  method  of  determining  the 
sexes.  In  the  second  place  it  does  not  seem  improbable  that,  at  higher  tem- 
peratures, and  with  a  more  rapid  generative  activity,  fewer  smaller  eggs 
would  fall  as  prey  to  the  larger  eggs ;  for  in  these  animals  the  larger 
female  eggs  are  frequently  nourished  at  the  expense  of  the  smaller.  If  the 
nutritive  activity  of  tiiese  large  eggs  is  increased  proportionately  to  the 
sexual  activity  by  higher  temperature,  then  the  larger  eggs  should  consume 
the  smaller  ones  in  like  ratio :  but  von  Malsen  does  not  seem  to  have  shown 
this  to  be  true.  It  may  be  said  that  at  lower  temperatures  the  larger 
female  eggs  have  relatively  more  time  in  which  to  consume  the  smaller, 
hence  fewer  small,  or  male,  eggs  are  laid.  The  question  then  arises,  does 
von  Malsen's  experiments  prove  that  higher  temperature  leads  to  the  produc- 
tion of  more  female  than  male  eggs  from  the  generative  tissue?  or  merely 
that,  at  a  higher  temperature,  ot  the  relatively  larger  number  of  eggs 
produced,  a  proportionately  smaller  number  of  male  eggs  is  consumed  in 
the  nutrition  of  the  female  eggs. 

The  researches  of  lssal<owltsch  upon  a  daphnid  bring  us  face  to  face 
with  a  different  class  of  data.  This  author  reared  the  descendants  of 
parthenogenetic  females  through  several  generations  (six  as  a  maximmn), 
and  found  that  the  production  of  females  is  ])aralleled  with  high  tempera- 
ture   (24°  C),    and   that   the   males   with    lower   temperature,    the   direct 
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opposite  to  that  which  happt'iunl  in  the  worm  Dinophilus.  Issaliowitsch 
sliows  that  teiuijeratur(s  acted  merely  as  iutlueiicing  uutritiou,  for  wlieu  tlie 
animals  were  starved  by  being  reared  in  distilleil  water,  males  and  resting 
eggs  were  developed  It'roni  liis  experiments  it  would  seem  that,  so  far  as 
parthenogenetic  eggs  were  concerned,  nutrition  may  act  as  a  sex-determin- 
ing factor.  Both  von  Malseu  and  Issalvowitsch  looli  upon  nutrition  as  a 
sex-determining  factor  from  the  influence  it  is  supposed  to  produce  upon  the 
plasmic  relation  in  the  nucleus,  as  set  fortli  by  Richard  Hertwig. 

The  more  recent  researches  of  Punnett  upon  Hydatena  seem  to  throw 
new  light  upon  the  subject  in  that  they  point  out  probable  errors  in  the 
studies  of  Maupas  and  Nussbaum  {R.  C.  Punnett:  Sex-determination  in 
Hydatena,  with  some  remarks  on  parthenogenesis.  Proc.  Royal  Soc,  Series 
B.,  78:  223,  19(>6).  In  Hydatena  three  kinds  of  females  may  be  recognized 
by  the  kinds  of  eggs  tliey  lay:  (a)  females  which  produce  females  par- 
thenogeneticalJy  (thelytokous  females)  ;  (b)  females  which  produce  males 
parthenogeneticalJj'  (arrenotokous  females)  ;  and  (c)  the  layers  of  fertil- 
ized eggs.  Of  the  first  class  of  females,  Punnett  recognized  from  pedigree 
cultures  three  different  types.  A.  Females  giving  rise  to  a  high  percentage 
of  male  producing  individuals  (arrenotokous  females).  B.  Females  giving 
rise  to  a  low  percentage  of  male  producing  individuals.  C.  Purely  female 
producing  individuals  (pure  thelytokous  females). 

In  experiments  designed  to  test  the  effect  of  temperature  and  nutrition, 
it  was  found  that  in  the  purely  female  producing  individuals  (class  C), 
no  male  producing  forms  appeared,  the  strain  remaining  pure,  and  that  in 
the  class  B,  the  ratio  of  males  was  not  raised  as  a  result  of  starving.  Con- 
sequently it  is  difficult  to  see  tliat  either  temperature  or  nutrition  has  any 
influence  in  determining  male  producing  forms.  Punnett  suggests  "that 
the  females,  producing  females  parthenogeneticaliy  (thelytokous),  are 
really  hermaphrodite,  though  the  male  gametes  may  not  exhibit  the 
orthodox  form  of  spermatozoa.  Such  a  view  would  account  for  the  ob- 
served absence  of  polar  bodies  in  the  female  eggs,  for  it  must  be  supposed 
that  the  process  of  reduction  and  fertilization  takes  place  before  the 
accumulation  of  yolky  material."  It  may  be  added  also  that  if  no  polar 
bodies  are  formed,  there  is  no  reduction  in  the  number  of  chromosomes,  and 
we  may  have,  as  has  been  clearly  shown  in  certain  plants,  not  a  case  of 
parthenogenesis  but  one  of  apogamy.  Whitney  (Whitney,  David  Day. 
Determination  of  sex  in  Hydatena  senta.  Jrnl.  Exp.  Zool.,  5:  1-26,  1907). 
in  a  still  more  recent  study  of  Hydatena  senta,  finds  that  neither  tempera- 
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ture  uor  iiutritiou  has  aiiytliiug  to  do  with  the  determiuatiou  of  sex.  He 
asserts  also  that  the  three  straius  of  Tnuuett  cau  he  found  iu  oue  strain 
aud  eacli  is  capable  of  producing  the  other  types  according  as  the  data 
is  scanty  or  extensive. 

Even  if  we  admit  tliat  the  results  obtained  with  certain  animals  furnish 
some  evidence  iu  favor  of  the  view  that  nutrition  may  be  instrumental  in 
determining  sex,  yet  the  vast  majority  of  facts  obtained  from  numerous 
studies  made  upon  lower  and  higher  plants  point  unmistakably  to  the 
opposite  conclusion.  1  shall  mention  a  few  instances.  Botanists  have  long 
recognized  the  dithculty  of  obtaining  for  class  use  the  zygospores,  or  the 
sexually  formed  reproductive  bodies,  in  tlie  common  bread  mould  Rhizopus 
nigricans,  and  this  was  supposed  to  be  due  to  the  lack  of  knowledge  of  the 
external  conditions  necessary  to  call  forth  sexual  reproduction.  Blakeslee 
has  recently  shown  that  this  common  mould  is  dioecious,  and  that  if  male 
straius  are  cultivated  along  with  female  strains,  sexual  reproduction  will 
take  place  irrespective  of  external  conditions;  whereas  if  the  different 
strains  are  grown  separately,  no  zygospores  will  result,  no  matter  what  the 
food  conditions  may  be  Again,  the  well-known  liverwort,  Marcliantia, 
produces  male  and  female  sexual  organs  upon  separate  thalli,  or  individuals. 
These  individuals  are  propagated  by  bodies  called  gemmae,  and  it  is  re- 
ported that  Noll  has  cultivated  individuals  from  the  gemmae  under  all 
sorts  of  growth  conditions  Avithout  being  able  to  change  the  sex  of  any  of 
the  thalli.  The  thalli  arise  primarily  from  spores  that  are  apparently  all 
alike,  and  that  come  from  the  same  capsule,  yet  some  of  these  spores  must 
be  strictly  male  and  others  female.  The  well-known  studies  of  Prantl  upon 
fern  prothallia  are  frequently  quoted  as  supporting  the  doctrine  that  food 
conditions  determine  sex.  Prantl  found  that  under  poor  conditions  of  nour- 
ishment the  prothallia  produced  only  male  organs,  and  if  removed  to  con- 
ditions affording  gootl  nourishment,  female  organs  were  developed.  In 
this  as  in  many  similar  cases,  there  was  no  change  of  sex  since  monoecious 
organisms  were  operated  with,  that  is  organisms  capable  of  producing  both 
male  and  female  gametes.  Lack  of  nourishment  merely  inhibited  the  devel- 
opment of  the  tissue  upon  which  the  female  organs  are  borne,  and  con- 
sequently onlj'  male  organs  were  developed.  These  prothallia  arise  from 
spores  that  contain  the  characters  of  both  sexes,  and  external  conditions 
merely  stimulate  the  development  of  one  or  the  other  of  the  sexes,  or  both. 

The  writer  has  recently  begun  the  study  upon  a  fern,  whose  prothallia 
have  been  reported  as  strictly  dioecious,  and  that  if  the  spores  are  well 
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nourished  female  prothallia  will  predomiuute,  while  with  poor  iiourish- 
meut  the  vast  majority  of  spores  will  give  rise  to  male  gametophytes.  Au 
examination  of  cultures  grown  under  favorable  conditions  for  hiboratory 
use,  in  which  the  spores  were  sown  thickly,  showed  that  certain  spores 
produced  strictly  male  plants,  others  female,  and  still  others  bisexual 
prothallia.  A  small  number  of  spores  were  isolated  and  grown  under 
similar  and  very  favorable  conditions,  with  sinular  results.  The  pure  males 
were  almost  equal  in  number  to  those  bearing  the  female  organs,  while  the 
bisexual  plants  were  few,  being  about  four  per  cent,  of  the  whole  number. 
The  foregoing  results  seem  to  lend  encouragement  to  the  view  that  environ- 
mental conditions  may  have  much  less  to  do  with  the  development  of  male 
and  female  prothallia  than  had  hitherto  been  supposed.  The  very  brief 
study  showed  clearly  that  in  the  fern  in  question  there  is  a  great  mortality 
among  the  spores,  which,  as  can  be  readily  seen  vary  greatly  in  size. 
Among  the  first  things  to  establish  in  this  and  similar  cases  is  whether 
mortality  is  greatest  among  the  smaller  or  larger  spores,  and  whether 
the  prothallia  springing  from  the  small  spores  tend  to  remain  small  and 
produce  only  autheridia,  while  the  larger  female  plants  arise  only  from 
the  larger  spores,  an  so  on.  I  have  no  notion  what  sort  of  results  a  careful 
and  extended  study  will  bring  forth. 

Of  all  efforts  to  ascertain  the  influence  of  the  environment  upon  the 
determination  of  sex,  doubtless  the  studies  carried  on  upon  dioecious  plants 
by  Strasburger  and  many  others  are  the  most  noteworthy.  Especially 
interesting  and  instructive  in  this  connection  is  a  I'epresentative  of  the  pink 
family,  the  Red  Campion,  Lychnis  dioica,  which  is  attacked  by  a  smut, 
Ustilago  violaceae,  whose  spores  are  produced  in  the  anthers  instead  of 
pollen.  This  red  campion  is  dioecious,  certain  individuals  bearing  only 
staminate  and  others  pistillate  flowers.  The  structure  of  the  staminate  and 
pistillate  flowers  are  shown  in  the  following  figure. 

If  a  plant,  bearing  staminate  flowers,  be  infected  by  the  smut,  the 
anthers  when  mature  will  be  filled  with  smut  spores  instead  of  pollen. 
Apart  from  the  color  of  the  anthers  the  form  of  the  staminate  flower  is 
unchanged  by  the  presence  of  the  parasite.  On  the  other  hand,  if  a  plant, 
bearing  pistillate  flowers,  is  befallen  by  the  snuit,  the  blossoms  on  the 
branches  affected  by  the  smut,  will  develop  normally  appearing  stamens, 
whose  anthers  are  filled  with  smut  spores  instead  of  pollen,  while  the  pistil 
remains  in  a  rudimentary  condition.  The  only  apparent  difference  between 
a  pistillate  flower  thus  affected  by  the  parasite  and  the  normal  staminate 
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blossom  is  an  olon^ation  of  the  axis  l)ot\veeu  calyx  and  corolla  (Fl.i;;.  ')h'). 
At  lirst  si.i,iit  it  ini.uJit  a])i)ear  that  the  presence  of  the  parasite  was  suffi- 
cient to  change  the  sex  of  the  plaiif,  tor  tlio  fungus,  when  present  in  the 
pistilhite  plant,  leads  regularly  1<i  the  development  of  stamens  and  the 
suppression  of  the  pistil.  However,  in  this  case  the  capacity  to  develop 
stamens  must  be  assumed  to  be  present  in  the  pistillate  plant,  and  the 
parasite  is  able  to  induce  the  conditions  necessary  to  their  formation  and 
the  suppression  of  the  pistil,  and  thus  provide  for  the  development  of  its 
own.  spores.  Extensive  and  elal)orate  experiments  by  Strasburger  upon 
uninfected  plants  with  the  view  of  duplicating  the  effects  produced  by  the 
parasite,  led  to  no  definite  results. 


Pig.  3.  Staminate  and  pistillate  riowers  of  Lychnis  dioica  L.,  halved  longitudinally. 
(I.  normal  staminate  Hower.  b.  normal  pistillate  Hower.  a'  staininate  flower  affected 
by  the  smut,  Ustilago  violaceae;  the  anthers  contain  smut  spores  instead  of  pollen. 
b'  pistillate  rtower  similarly  affected:  the  pistil  lias  remained  rudimentary  while  anthers 
have  been  developed,  which,  however,  bear  only  smut  spores.  The  presence  of  the 
parasite  has  induced  the  development  of  anthers,  the  members  of  the  Hower  bearing 
male  spores  instead  of  the  parts  bearing  the  female  spores,— After  Strasburger. 
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I.juirtnit  (1003)  has  maintained  that  an  excess  of  nitrogen  or  lime 
favors  the  development  of  males  in  spinach,  hemi),  etc..  while  potash  and 
phosi>h(iric  acid  favor  the  devc!()i)ment  of  females,  hut  his  results  are  not 
very  convincin,^.  Temperature,  light  and  moisture  conditions,  relative  age 
iuid  vigor  of  parents,  relative  maturity  of  pollen,  early  and  late  planting, 
IM'uiiing,  etc.,  have  all  heen  carefully  and  (>laborately  tested  without  achiev- 
ing satisfactory  or  convincing  results.  'J'he  case  of  the  anther  smut  cited  in 
the  foregoing  seems  to  furnish  the  best  evidence  among  plants  that  the  sex 
of  the  spores  to  be  developed  can  be  changed  by  environmental  conditions, 
yet  it  must  be  admitted  that  the  preponderance  of  evidence  is  against  the 
view  that  environmental  conditions,  either  direct  or  indirect,  can  determine 
sex.  On  the  other  hand,  there  are  many  who  believe  that  sex  is  predeter- 
mined in  the  germ  -'ells,  and  that  we  are  confronted  with  a  j^roblem  which 
is  purely  hereditary.  According  to  this  view  certain  parts  of  the  hereditary 
substance  or  chromatin  contain  male  characters,  or  repesent  maleness  only 
and  certain  other  parts  female  characters,  or  femaleness.  that  is,  there  are 
male  determinants  and  female  determinants  in  the  chromatin.  To  illustrate 
this  statement,  let  us  r<^call  the  case  of  the  common  liverwort,  Marchautia. 
Of  the  spores  produced  by  any  individual  sporopliyte,  some  will  give  rise 
only  to  male  thalli  and  others  to  female  thalli  irrespective  of  environmental 
conditions.  Now.  the  si)ores  j)roducing  only  male  plants  must  contain  only 
male  determinants,  or  male  determining  parts  of  the  chromatin  must  domi- 
nate over  the  female  determinating  parts  in  those  spores  and  vice  versa. 
If  the  determination  of  sex  be  regarded  as  a  problem  of  heredity,  and  if 
we  believe  that  hereditary  phenomena  have  a  physical  basis,  some  such 
theory  as  the  foregoing  certainly  affords  a  rational  basis  for  further  investi- 
gation. 
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The  Celebration  by  the  New  York  Academy  of  Sciences 

OF  THE  Two  Hundredth  Anniversary  of  the 

Birth  of  Linnaeus. 


Guy  West  Wilson. 


The  two  hundredth  anniversiiry  of  the  birth  of  Linuaeus,  the  great 
Swedish  naturalist  whom  we  regard  as  the  father  of  modern  biology,  was 
fittingly  commemorated  by  the  New  York  Academy  of  Sciences.  For  some 
time  the  officials  of  that  organization  had  been  i)erfectiug  plans  for  the 
observance  of  this  anniversary.  Perhaps  few  other  societies  in  America 
have  at  their  command  the  resources  for  a  celebration  which  would  parallel 
this  one,  as  the  New  York  Academy  has  affiliated  with  it  all  the  learned 
societies  of  the  Greater  C'ity  and  has  at  its  disposal  for  such  an  occasion 
the  magnificent  museums  of  the  metropolis.  It  accordingly  g^ve  me  no 
small  pleasure  to  receive  the  honor  which  the  president  of  the  Indiana 
Academy  of  Science  conferred  upon  me  in  asking  me  to  i-epresent  this  body 
at  these  exercises. 

At  9  :30  a.  m.  of  the  23d  of  May  the  delegates  from  numerous  American 
and  foreign  societies  and  institutions  met  in  the  trustees'  room  of  the 
American  Museum  of  Natural  History,  and,  in  company  with  the  officers 
of  the  New  Yoi'k  Academy,  proceeded  in  a  body  to  the  lecture  room  where 
the  initial  meeting  was  held.  About  three-quarters  of  an  hour  was  devoted 
to  the  reading  of  communications  from  the  societies  whose  delegates  were 
present,  and  from  a  few  noted  foreign  societies  which  were  not  represented. 
These  communications  covered  a  wide  range  of  topics,  extending  from  greet- 
ings from  the  various  societies  through  outlines  of  the  character  of  their 
work  and  eulogies  to  the  memory  of  Linnaeus  to  monographic  considerations 
of  some  phase  of  the  work  of  Linnaeus.  Of  these  last  may  be  mentioned 
the  papers  presented  by  the  representatives  of  the  Brooklyn  Entomological 
Society  and  of  the  Maryland  Academy  of  Science.  The  first  of  these  related 
to  the  entomological  work  of  Linnaeus  and  its  relation  to  American  ento- 
mology, while  the  second  was  a  learned  and  Interesting  discussion  of 
Linnaeus  and  the  flora  of  Maryland.    This  part  of  the  program  was  followed 
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by  a  learued  address  by  Dr.  T.  A.  Alien  of  New  York  on  "Linnaeus  and 
American  Zoology,"  which  forms  a  most  valuable  contribution  to  the 
liistory  of  zoology. 

At  the  close  of  these  exercises  the  delegates  proceeded  in  a  body  to 
"La  Hermatage,"  a  quamt  little  French  hotel  in  the  Borough  of  the  Bronx 
near  the  New  York  Botanical  Garden.  Here  the  party  was  joined  by  the 
Swedish  Minister  to  America  and  the  members  of  the  Swedish  Legation  in 
New  York  City.  After  dining  together  the  party  returned  to  the  lecture 
room  in  the  Museum  building  of  the  New  York  Botanical  Garden.  The 
hrst  address  of  the  afternoon,  -Linnaeus  and  American  Botany,"  was 
delivered  by  Dr.  P.  A.  Rydberg,  a  fellow  countryman  of  Linnaeus.  This 
address  dealt  in  a  masterly  and  interesting  manner  with  the  sources  of 
Linnaeus'  information  concerning  American  plants,  closing  with  a  discus- 
sion of  the  genus  Linnaea  which  was  at  first  supposed  to  contain  a  single 
species,  but  to  which  subsequent  exploration  and  study  added  two  others. 
To  these  a  fourth  was  added  from  Arctic  America.  The  second  and  closing 
address  of  the  afternoon  was  delivered  by  Dr.  H.  H.  Rusby  on  the  "Flowers 
of  North  American  plants  known  to  Linnaeus."  This  lecture  was  made 
doubly  interesting  by  the  fine  display  of  lantern  slides  by  which  it  was 
accompanied.  These  belonged  to  the  Van  Brunt  collection  of  the  Botanical 
Garden,  wliich  is  one  of  the  finest  and  most  complete  collections  of  hand 
painted  lantern  slides  of  American  plants. 

After  these  exercises  a  walk  of  about  three-quarters  of  a  mile  through 
the  magnificent  natural  forest  of  Bronx  Park  brought  the  party  to  the  Lin- 
naen  bridge  on  Pelham  Parkway,  'i  he  party  was  conducted  by  Dr.  W.  A. 
Murrill,  who  pointed  out  a  number  of  characteristic  American  trees  known 
to  Linnaeus.  At  the  bridge  a  tablet  to  the  memory  of  Linnaeus  was  un- 
veiled. Appropriate  addresses  were  made  by  several  persons  of  note  and 
the  key  to  the  tablet  which  contained  various  articles  of  scientific  interest 
was  given  to  the  New  York  Historical  Society  for  safe  keeping  until  the 
23d  of  May,  1957,  when  another  anniversary  celebration  is  to  be  held 
and  the  contents  of  the  tablet  examined.  The  members  of  the  staff  of  the 
New  York  Zoological  Garden  then  conducted  the  party  through  their 
grounds,  showing  the  collections  with  especial  reference  to  the  American 
animals  known  to  Linnaeus. 

The  evening  program  consisted  of  a  reception  at  the  Aquarium  in 
Battery  Park  and  of  a  series  of  addresses  at  the  Brooklyn  Museum  of  Arts 

[4—18192] 
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and  Sciences.  The  first  of  these  was  of  great  intei-est  as  it  was  the  first 
occasion  upon  which  this  magnificent  collection  had  been  viewed  at  night. 
It  was  also  the  centennial  of  the  building  which  has  seen  a  varied  career 
of  fort,  amusement  place,  emigrant  landing  and  repository  of  scientific 
collections.  The  second  part  of  the  program  was  taken  up  with  several 
addresses,  but  three  of.  which  need  to  be  mentioned.  The  first  was  by 
Professor  E.  li.  Morris  on  the  Tiife  of  Linnaeus,"  and  was  pronounced  by 
his  hearers  a  masterpiece  of  biography.  This  was  followed  by  an  address 
upon  "Linnaeus  and  American  Natural  History."  by  Dr.  F.  A.  Lucas  who 
treated  his  subject  in  a  most  interesting  manner.  The  program  was  closed 
by  a  talk  by  J)r.  T.  A.  (irout  on  the  "Plants  and  Animals  Known  to  Lin- 
naeus," which  was  i)rofusely  illustrated  by  lantern  slides. 

Another  feature  of  great  interest  in  connection  with  this  celebration 
was  the  series  of  exhibits  of  objects  of  American  natural  history  known 
to  Linnaeus.  At  the  American  Museum  of  Natural  History  extensive 
exhibits  were  arranged  to  show  the  American  animals  and  the  rocks  and 
minerals  known  to  liinnaeus  and  arranged  according  to  his  system  of  class- 
ification, a  full  explanation  of  Avliich  accompanied  the  exhibit.  At  the  New 
York  Botanical  Garden  there  was  a  large  collection  of  American  plants 
known  to  Linnaeus  and  arranged  according  to  his  system  of  classification. 
Accompanying  this  exhibit  was  a  very  complete  set  of  the  botanical  works 
of  Linnaeus  and  a  very  fine  series  of  portraits  of  him.  Enjoyable  and  profit- 
able as  were  all  the  other  features  of  this  celebration  these  exhibits  and 
the  lectures  by  Dr.  Busby  and  Dr.  Grout  added  much  to  the  value  and  in- 
terest of  the  celebration  and  to  the  delightful  remembrances  which  the  dele- 
gates carried  home  with  them. 

New  York  City. 
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An  Investigation  of  the  Fuel  Value  of  Indiana  Peat 


KoBKUT  E.  Lyons. 


Peat  is  a  moist,  spongy,  partially  carbonized  vegetable  matter.  It  is 
an  incipient  coal*  containing  the  beat  units  stored  up  by  the  vegetation 
from  which  it  is  formed.  This  form  of  crude  fuel  has  been  used  in  Europe 
for  centuries  and  today  is  used  in  Canada  and  in  some  places  in  the  United 
States. 

Hundreds  of  thousands  of  acres  of  peat  beds  exist  in  the  lake  region  of 
Indiana  embraced  within  the  three  or  four  northern  tiers  of  counties.  These 
deposits  constitute  a  source  of  cheap  and  easily  obtained  fuel  for  local 
use.  As  the  price  of  coal  advances  tlie  use  of  peat  for  the  manufacture  of 
briquettes  will  increase  and  the  time  will  doubtless  come  when  the  cities 
in  that  portion  of  the  state  will  derive  their  fuel  from  the  peat  bogs  of 
that  region. 

It  has  recently  been  my  privilege  to  investigate  the  fuel  value  of  a 
number  of  representative  samples  of  Indiana  peats  which  were  collected  by 
the  State  Department  of  Geology  and  Natural  Resources.  The  relative 
fuel  value  of  each  of  twenty-nine  samples  was  determined  by  calorimetric 
test  with  the  Parr  Standard  instrument  and  the  results  expressed  in 
British  Thermal  Units.  (B.  'L\  U.  ==  the  amount  of  heat  necessary  to 
raise  the  temperature  of  one  pound  of  water  one  degree  Fahrenheit.) 
The  results  are  also  expressed  iTi  calories ;  a  calorie  being  the  amount  of 
heat  required  to  raise  one  gram  of  water  one  degree  centigrade.  The  test 
was  made  on  samples  of  peat  dried  at  105°  Cent.,  which  give  a  slightly 
higher  thermal  effect  than  would  be  obtainable  in  the  practice  with  air 
dried  peat,  because  of  the  moisture  held  by  peat  even  after  prolonged  air 


•'The  following  table  from  ( )st,  Technische  Chemie,  1903,  p  12,  indicates  the  progressive 
changes  which  peat  might  undergo  in  a  possible  conversion  to  anthracite  coal: 


Wood. 

Carbon  ' 50 

Hydrogen 6 

Oxygen 43 

Nitrogen 1 


Bituminous    Anthracite 


''eat. 

Lignite. 

Coal. 

Coal. 

60 

70 

82 

94 

6 

5 

5 

3 

32 

24 

12 

3 

2 

I 

1 

Trace. 
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drying  under  favorable  conditions.  The  advantage  in  using  oven  dried 
peat  in  the  calorimetric  test  is  that  all  samples  may  be  accurately  compared 
as  to  heating  effect.  The  amount  of  moisture  remaining  after  air  drying 
is  dependent  upon  local  conditions. 

TABLE  SHOWING  THE  FUEL  VALUE  OF  TWENTY-NINE  SAMPLES  OF  PEAT  FROM  NORTHERN 

INDIANA. 


Detain  Sec.  9  (33  N.,  12  E.) 

Steuoen,  Sec.  34  (37  N.,  12  E.) 

LaGrange,  Sections  2,  11  and  12  (36  N,  8  E.). . 

LaG'snge,  Sections  4  and  9  (37  N.,  9  E.) 

Noble,  Sections  28  and  29  (33  N.,  9  E.) 

Noble,  Sec,  18  (33  N.,  11  E.) 

Whitlev,  Sec.  30  (31  N,  10  E  ) 

Kosciusko,  Sections  11, 12  and  13  (31  N.,  6  E.). 
Kosciusko,  Sections  32  and  33  (33  N.,  6  E.). . . . 

Elkhart,  Sec.  4  (36  N.,  5  E.) 

Elkhart,  Sections  10  and  11  (36  N.,  6  E.) 

Elkhart,  Sections  26  and  27  (35  N.,  5  E.) 

Elkhart,  Sec.  18  (38  N.,  6  E.) 

St.  Joseph,  Sections  28,  33  and  34  (36  N.,  2  E.) 

St.  Joseph,  Sec.  3  (36  N.,  1  E.) 

St.  Joseph,  Sections  11  and  12  (37  N.,  1  £.■).... 

St.  Joseph,  Sec.  16  (37  N.,  2  E.) 

St.  Joseph,  Sec.  20  (37  N,  2  E.) 

Marshall,  Sections  10  and  11  (33  N.,  1  E.) 

Marshall,  Sec.  1  (34  N.,  2  E.) 

Marshall,  Sec.  10  (34  N,  1  E.) 

Starke,  Sec.  10  (32  N.,  3  E.) 

Pulaski,  Sec.  9(31  N.,1  W) 

Pulaski,  Sections  7,  8  and  9  (31  N.,  3  W.) 

Pulaski,  Sections  3,  9,  10  and  11  (31  N,  4  W.). 

Porter,  Sections  1,  2  and  3  (37  N,  5  W.) 

Jasper,  Sections  12,  13  and  14  (30  N  ,  6  W.).  .  . 

Newton,  Sections  32  and  33  (31  N,  8  W.") 

Lake,  Sections  34,  35  and  36  (35  N..  9  W.) 


B.  T,  U., 

Calories, 

Oven 

Oven 

Dried 

Dried 

105°C. 

105°C. 

10232.77 

5684.8 

9422.87 

5234.3 

8513.29 

4729.5 

8924.47 

4958.0 

10335.57 

5741.9 

9217.28 

5120.7 

4541.67 

2523.1 

9715.68 

5397.6 

6129.32 

3405.1 

8637.89 

4799.4 

7211.22 

4006.0 

7613.06 

4229.4 

9628.78 

5349.3 

9840.28 

5466.8 

9024.15 

5013.4 

8503.95 

4724.4 

8236.06 

4584.4 

8491.49 

4717.5 

9946.19 

5525.6 

8497.72 

4720.9 

10466.40 

5814.6 

9905.70 

5503.1 

9774.87 

5430.4 

9064.65 

5035.9 

8472.80 

4707.1 

5635.03 

3130.5 

8273.44 

4596.3 

9033.50 

5018.9 

8731.34 

4850.7 

Evapora- 
tive Effect 

Pounds 

Water  per 

Pound  of 

Oven  Dried 

Peat. 


10.6 
9.7 
8.8 
9.2 

10.7 
9.5 
4.7 

10.0 
6.3 
8.9 
7.4 
7.8 
9.9 

10.1 
9.3 
8.8 
8.5 
8.8 

10.3 
8.8 

10.8 

10.2 

10.2 
9.3 
8.7 
5.8 
8.0 
9.3 
9.0 


The  results  of  the  tests  show  the  moss  peats  to  have  a  much  higher 
heat  value  than  the  peats  of  the  grass  and  sedge  variety.  This  fact  is  cor- 
roborated by  numerous  other  tests  on  j^eats  from  other  regions. 

Five  typical  specimens  of  peat  w^ere  subjected  to  a  more  complete 
chemical  analysis,  including  the  determination  of  the  percentage  of  mois- 
tui'e,  volatile  combustible  matter,  fixed  carbon,  coke,  ash,  sulphur  and 
nitrogen. 
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CHEMICAL  ANALYSES  OF  FIVE  SAMPLES  OF  PEAT  FROM  NORi'ULllN  INDIANA, 


County,  Township,  Range  and  Sect'on. 


Dekalb,  Sec.  9(33  N,  12  E.). 

St.  Joseph,  Sees.  28,  33  and  34  (36  N.,  2  E.) 

St.  Joseph,  Sec.  3  (36  N.,  1  E.) 

Marshall,  Sees.  10  and  11  (33  N.,  IE.).... 
Starke,  Sec.  10  (33  N  ,  3  E.) 


17.16 
12.24 
11.40 
8.99 
10.20 


1^ 


73.31 
70.21 
65.52 
70.97 
62.43 


22.53 
23.45 
20.65 
19.08 
24.30 


26.67 
29.78 
34.47 
29.09 
37.55 


4.14 
6.33 
13.82 
10.01 
13.25 


2.56 
2.22 
3.31 
3.91 
2.96 


0.74 
0.87 
1.33 
0.83 
0.96 


The  value  of  any  fuel  depends  upon  the  quantity  of  heat  generated  and 
the  temperature  which  can  be  obtained.  The  influence  of  moisture  and 
ash  upon  the  heating  power  of  peat  is  well  shown  in  the  following  table*  : 

Dry  peat  without  ash   6500  calories 

Dry  peat  with     -1%  ash   6300  calories 

Dry  peat  with  12%  ash    5800  calories 

Dry  peat  with  30%  ash   4500  calories 

Same  peat  with  25%   water 4700  calories 

Same  peat  with  30%  vvater 4100  calories 

Same  peat  with  50%  water 2700  calories 

Same  peat  with     0%  water  and  15%  ash 5500  calories 

Same  peat  with  25%  water  and    0%  ash   4700  calories 

Same  peat  with  30%  water  and  10%  ash 3700  calories 


It  will  be  noticed  that  the  difference  between  two  samples  of  peat 
having  a  different  content  of  moisture  is  greater  than  that  due  merely  to 
the  displacement  of  combustible  matter.  The  loss  represents  the  amount  of 
heat  consumed  in  vaporizing  the  moisture.  This  demonstrates  the  neces- 
sity of  preparing  peat  for  use  as  fuel  so  as  to  contain  the  least  possible 
amount  of  moisture. 

A  comparison  of  the  heating  power  of  peat  and  various  other  fuels  is 
given  in  the  following  tablesf  : 


*  Hausdingr,  Handbuch  der  Torfgewinung,  1904,  p.  333. 

t  First  table  from  Hausding.  Second  table  from  Thurston's  Elements  of  Engineering 
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Water  Water 

Chemically     Median  icn  I  ly 

Combined.             Held.                 Ash.  Calories. 

Anthracite  coal 2                      3                    2  8305 

Charcoal,  air  dry 0                    12                    3  6868 

Charcoal,  kiln  dry 0                      0                    3  7837 

Wood,  air  dry 39                     20                     1  3232 

Wood,  kiln  dry 49                       0                     1  4040 

Peat    ' 26                    25                    5  3950 

Peat,  manufactured 30                     18                     2  4430 

Hvaijorative 

B.  T.  U.  Effect. 

Coal,  anthracite 14833  14.98 

Coal,  bituminous   14796  14.95 

Coal,  lignite,  dry 10150  10.25 

Peat,  kiln  dry 10150  10.25 

Peat,  air  dry 7650  7.73 

Wood,  kiln  dry 8020  8. 10 

Wood,  air  dry    6385  6.45 

From  these  tables  it  will  be  seen  that  unprepared  peat  has  a  higher 
heating  value  than  wood,  but  is  inferior  to  coal. 


COMPARISON    OF    INDIANA    BITI'MINOUS    COALS    AND    INDIANA 

PEATS. 

I.     Chemical  Composition  : 

(A)  The  extreme  percentages  of  the  constituents  considered  in  connec- 
tion with  the  fuel  value  of  twenty  samples  of  Indiana  coal,  analyzed  by 
Dr.  W.  A.  Noyes*  : 

Volatile 
Moisture    Comhxistihle    Fired 

105°.  Matter.        Carbon.        Coke.  Ash.     Sulphur. 

Maximum 13.82         45.16         52.77         57.22  9.76  4.01 

Minimum    6.08         35.22         41.80         49.62  1.06  0.34 

(P>)  Similar  data  from  the  analyses  of  Indiana  peats  (air  dried)  : 

Maximum     17.16         61.98         24.30         37.55         13.82  1.33 

Minimum    8.99         52.23         19.08         26.67  4.14  0.74 


♦Report  of  State  Geologist,  21,  p.  105. 
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II      The  Hkating  and  Evaporating  Effect  as  Shown  by  the  Cai.orimetric 
Test  : 

(A)  Data   I'rom   twenty  samples  of   IiKliana   coal   analyzed  by  Dv.   W. 
A.  Noyes*  : 

Evaporative 
B.  T.  U.  Calories.  Effect. 

Maximum  13219  7344  13.4 

Minimum    11G91  6495  12.1 

(B)  Data  from  twenty-nine  samples  of  Indiana  peat  (oven  dried)  : 

Maximum  10406  5814  10.8 

Minimum    4541  2523  4.7 


SUMMAKY. 

Evap. 
Calories.  Effect. 

1  lb.  best  of  20  samples  Indiana  coal  tested  yields 7344  13.4 

1  lb.  best  of  29  Indiana  peat  tested  (oven  dried),  yields.       5814.6        10.8 
1.26  lbs.  best  Indiana  peat   (No.  21)    equals  in  thermal 

effect  1  lb.  of  the  best  Indiana  coal   (No.  17,  Report 

State  Geologist,  21,  p.  106). 

1  lb.  oven  dry  peat,  average  of  29  samples,  yields 4288  8.0 

1  lb.  coal,  average  of  20  samples,  yields 6860.8        12.8 

1.6  lbs.  average  peat  (oven  dry)  equals  in  thermal  effect 

1  lb.  of  average  Indiana  coal. 

The  cost  of  preparing  the  peat,  or  pressing  it  into  briquettes,  must 
be  considered  in  a  comparison  of  peat  with  coal.  Some  peat  briquetting 
plants  are  already  in  operation  in  Indiana,  e.  g.  The  Indiana  Peat  Co.  of 
North  Judson,  Starke  County.  This  firm  estimates  the  operating  expenses 
for  a  small  peat  plant  of  thirty  tons  capacity,  as  follows  :** 

1  foreman    $3  00 

1  engineer    2  75 

2  peat  men    4  00 

4  boys  5  00 

1  .man,  hoisting  engine 1  50 

2  men  at  press 4  00 


♦Report  of  State  Geologist,  21,  p.  105. 
**Report  of  State  Geologist,  31,  p.  99. 
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1  uight  man    $1  50 

Office 5  00 

Total   $26  75 

According  to  this  estimate  ttie  manufacturing  of  peat  into  briquettes 
costs  about  85  cents  per  ton. 

PEAT  ASA  SOURCE  OF  PRODUCER  GAS. 

In  ordinary  direct  firing  the  object  is  to  effect  complete  combustion 
in  proximity  to  the  fuel  bed.  Within  the  same  chamber  the  fuel  elements 
are  vaporized,  distilled,  gasified  and  completely  burned.  The  first  two 
processes  absorb  heat  only  and  there  are  advantages  in  separating  them 
from  the  point  where  combustion  of  the  gases  occurs  and  where  high  tem- 
peratures are  developed  by  the  heat  evolved.  The  gas  producer  or  gen- 
erator accomplishes  this.  Within  it  vaporization,  distillation  and  gasifica- 
tion result  in  a  combustible  gas,  which,  led  away  to  a  separate  combustion 
chamber,  is  there  burned  under  conditions  favoring  a  fuller  realization  of 
the  fuel  value  and  the  attainment  of  temperatures  otherwise  impossible. 

Even  with  a  close  connection  of  producer  to  the  furnace,  and  conse- 
quent utilization  of  the  sensible  heat  of  the  gas,  there  is  a  loss  of  energy, 
but  it  should  not  exceed  15  to  18  per  cent,  of  the  calorific  value  of  the 
fuel.  Notwithstanding  this  loss,  experience  has  demonstrated  that  pro- 
ducer gas  accomplishes  the  same  result  with  less  fuel.  It  has  made  pos- 
sible metallurgical  operations  which  were  impractical  with  direct  firing, 
and  materials  quite  unsuited  for  heating  operations  are  made  available 
by  previous  gasification  in  a  producer.  This  is  true  of  combustible  sub- 
stances containing  much  moisture,  as  wood,  sawdust,  peat,  etc.  The  water 
may  be  removed  from  the  gases,  which  can  then  be  applied  to  operations 
requiring  high  temperature. 
The  yield  of  producer  gas  from  different  fuels  varies  within  wide  limits.* 

Gas  Yield  per  Pound 
Material .                                                                                      in  Cubic  Feet. 
Coke  or  charcoal 104 

Bituminous  coals  75 

Brown  coal   55 

Turf 45 

Wood    35 

*R.  D.  Wood,  Indiastrial  Applications  of  Producer  Gas,  p.  25  and  p.  26. 
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It  hiis  been  demonstrated  by  test  at  the  United  States  coal  testing  sta- 
tion in  St.  Louis  that  Indiana  bituminous  coal  can  be  converted  into  pro- 
ducer gas  and  that  when  this  gas  is  burned  in  a  gas  engine  it  yields  2 
to  2y^  times  as  much  energy  as  could  be  obtained  from  burning  the  same 
coal  under  a  boiler. 

The  advantages  of  burning  coal  gas  pertain  equally  to  using  peat  as 
a  gaseous  fuel.  Tlie  use  of  solid  peat  fuel  involves  a  loss  of  more  than 
25%  of  heat,  which  loss  may  be  reduced  to  about  1.5%  by  first  converting  the 
peat  into  gas  and  then  burning  the  gas. 

Peat  gas  is  valued  above  coal  gas  iu  the  steel  industry  on  account  of 
its  greater  freedom  from  sulphur  and  phosphorus. 

R.  D.  Wood  &  Oo.,  of  Philadelphia,  have  made  experiments  on  the 
application  of  Texas  lignite  in  gas  producers  and  have  demonstrated  its 
value  as  a  basis  of  gas  production.  This  lignite  is  not  far  removed  in 
its  chemical  composition  from  peat.  Lignite  showed  moisture  21.86,  vola- 
tile matter  31.81,  fixed  carbon  36.85,  ash  9.48.  The  gas  made  from  it  is 
high  in  hydrocarbons,  and,  as  a  consequence,  its  flame  produces  an  intense 
heat.* 

A  test  of  "machine  peat"  from  Taunton,  Mass.,  gave  4  cu.  ft.  of  gas 
with  a  calorific  power  of  G54  B.  T.  U.  per  cu.  ft.  from  each  pound  of  peat.t 
Gas  from  "cut  peat"  averages  about  135  B.  T.  U. 

JOne  ton  of  compressed  peat  analyzing :  moisture  15,  ash  7,  fixed  car- 
bon 21,  volatile  matter  57,  will  yield  not  less  than  100,000  cubic  feet  of 
gas  of  not  less  than  150  B,  T.  TJ.  per  cubic  foot. 

Effort  is  now  being  made  to  utilize  part  of  the  peat  deposits  of  Ire- 
land by  using  peat  for  gas  producer  fuel  in  electric  plants  with  recovery 
of  ammonia  and  other  by-products. ||  It  is  estimated  that  from  85  to  150 
pounds  of  ammonia  sulphate  can  be  obtained  per  ton  of  peat  with  1,780 
cu.  meters  of  gas.  Acetate  of  lime,  uaphta,  paraffin  and  volatile  oils  are 
also  obtained.  One  hundred  pounds  of  dry  peat  are  calculated  to  yield 
675,000  B.  T.  U.  realizable  as  gas  in  a  Mond  producer,  which  would  give 
76  indicated  horsepower  hours  in  a  gas  engine,  assuming  a  30%  thermal 
efficiency. 

CaroU  has  recently  improved  the  well-known  Mond  process  for  mak- 
ing producer  gas  in  so  far  as  he  gasifies  poor  fuel   in  a  mixture  of  air 


"R.  D.  Wood,  Industrial  Applications  of  Producer  Gas,  p.  25  and  p.  26. 

tNorton:    Report  XV,  Bog  Fuel. 

ITwelfth  Report  Ontario  Bureau  of  Mines,  p.  231. 

llJour.  Gas  Lighting,  100.  p.  760. 

HElektr.  Zeitschrift,  March,  1907. 
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and  superheated  steam.  Extended  experiments  with  this  modified  process 
in  tlie  Mond  worlcs  at  Stoclvton  show  tliat  it  is  possible  to  treat  directly 
wet  peat,  containing  50%  to  55%  water,  witli  a  simultaneous  increase  of 
ammonium  sulphate.  The  chief  result  in  the  success  of  this  undertaking 
is  to  render  available  the  use  of  wet  non-briquetted  peat  in  gas  producers, 
while  the  ammonium  sul])hate  obtained  as  a  by-product  will  assure  in 
itself  a  fair  interest  on  the  capital  invested. 

Data  concerning  producer  gas  made  from  Indiana  peat  is  not  avail- 
able at  the  present  time.     There  is,  however,  no  apparent  reason  why  it, 
should  not  be  as  satisfactorily  used. 

In  the  opinion   of  the  writer,   the   greatest  development  of  the  peat 
fuel  industry  in  Indiana  will  doubtless  be  as  a  source  of  producer  gas. 
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Notes  on  the  Humming  Bird. 


W.  B.  FanGokder. 


From  information  gathered  througli  varions  sources  ttie  humming  bird 
is  not  often  seen  in  Indiana  after  tlie  middle  of  September  of  each  year, 
most  of  them  leaving  much  earlier  than  this,  while  a  few  tarry  longer,  even 
to  the  last  of  September.  September  29  is  the  latest  date  of  their  appear- 
ance in  the  State  as  given  by  Mr.  Butler  in  his  report  of  the  birds  of 
Indiana.  On  September  8  I  noticed  one  about  the  tlowers  in  my  garden ; 
also  one  on  September  9.  On  September  15  I  noticed  one  again.  This 
attracted  my  attention,  as  I  had  marked  September  9  for  the  last  date  for 
1907.  I  decided  now  to  watch  more  closely  the  flowers  in  my  garden 
and  in  my  neighbor's  garden  adjoining. 

This  was  the  result  of  my  observations :  The  daily  visits  of  these 
birds  being  as  follows :  September  15,  three  visits ;  September  16,  two 
visits;  September  17,  three  -.  isits ;  September  18,  three  visits;  September 
19,  two  visits;  September  20,  two  visits;  September  21,  none;  September 
22,  two  visits ;  September  23,  one  visit  at  4 :30  o'clock  in  the  afternoon ; 
September  24,  one  visit  at  fifteen  minutes  past  twelve,  one  at  twenty  min- 
utes of  five  o'clock  and  one  at  5 :30  o'clock ;  September  25,  one  at  seven 
o'clock  in  the  morning ;  September  26,  one  visit  at  seven  o'clock 
in  the  morning  and  one  at  twenty  minutes  past  twelve;  September 
27,  one  visit  at  6  :30  in  the  morning ;  September  28,  one  visit  at  eight  o'clock 
and  one  at  nine  o'clock ;  September  29,  one  visit  at  fifteen  minutes  of 
eight,  one  visit  five  minutes  past  nine,  one  at  five  minutes  past  ten,  one  at 
ten  thirty,  one  at  eleven  forty,  one  at  ten  minutes  of  four,  one  at  four 
thirty  and  one  at  five  o'clock ;  September  30,  one  visit  at  twenty-five  min- 
utes past  twelve;  October  1,  one  visit  at  twelve  o'clock  and  one  at  four 
thirty;  October  2,  one  at  three  thirty;  October  3,  one  at  twelve  twenty; 
October  4,  one  at  five  minutes  of  twelve  and  one  at  twenty  minutes  past 
twelve ;  October  5,  I  watched  two  hours  before  I  saw  a  humming  bird  at 
ten  thirty,  another  visit  at  ten  fifty  and  at  five  fifteen,  one  liovering  about 
a  few  nasturtiums ;  October  0,  one  visit  at  one  o'cloclc,  one  at  one-thirty 
and  one  at  five  o'clock.     October  7  it  rained  all  day  and  none  was  seen. 
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October  8  at  five  minutes  past  twelve,  two  came  from  the  north  and  tar- 
ried a  few  minutes  about  a  bed  of  cannas  and  together  flew  direct  south. 
October  9  I  saw  one  at  twelve  thirty  hovering  about  the  cannas.  It  came 
from  the  north  and  flew  to  the  south.  I  had  noticed  the  flower  garden  was 
approached  by  tliese  birds  from  all  directions  up  to  the  last  two  days, 
when  the  visits  were  made  as  stated.  As  I  was  engaged  in  school  work 
my  observations  did  not  cover  the  whole  day  except  in  a  few  cases,  but 
the  record  here  given  is  my  own. 

On  October  1  a  few  persons  were  asked  to  make  observations,  which 
they, did,  and  with  about  the  same  results  as  here  stated.     Two  of  the. 
stations  were  more  than   two  miles  apart.     Three  reported  seeing  these 
birds  on  October  8  and  one  on  October  9. 

It  is  often  stated  that  the  temperature  governs  the  movements  of 
these  birds.  The  temperature  for  the  time  as  reported  to  the  weather 
bureau  by  Mr.  Charles  Geckler  is  as  follows: 

Maxi-      Mini-  Maxi-      Mini- 

mum,      mum.  mum.       mum. 

September    15 87  62        Sei)tember   3(» 76  41 

September   16 87  63        October  1 81  41 

September   17 88  63       October  2 83  56 

September   18 90  66       October  3 81  62 

September    19 90  65        October  4 73  67 

September   20 89  62        Octobers 75  45 

September   21 83  62        October  6 76  42 

September   22 75  49        October  7 71  56 

September   23 81  43        October  8 66  45 

September   24 80  56        October  9 68  37 

September   25 65  36       October  10 68  36 

September   26 71  38       October  11 63  50 

September   27 81  50       October  12 56  37 

September   28 78  58        October  13 55  31 

September   29 59  53 

The  record  for  a  few  days  past  their  last  appearance  is  given  for  the 
sake  of  comparison. 

There  was  a  white  frost  on  the  morning  of  September  25;  also  on  the 
morning  of  October  9.  It  is  also  stated  these  birds  will  remain  as  long 
iis  there  are  flowers.  There  was  an  nltundriuoe  of  flowers  until  October 
thirteen,  when  there  was  a  killing  frost. 
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The  Moulting  Mechakism  in  the  Heads  of  Lizards. 


By  H.  L.  Bruner. 


(Abstract.) 
One  of  the  muscles  of  this  mechanism  was  described  before  the  Acad- 
emy of  Science  several  years  ago   (1).     The  complete  mechanism,   which 
I   have  recently  described  in  the  American   Journal   of  Anatomy    (2),   in- 
cludes the  following  more  imjiortant  parts : 

1.  The  veins  and  blood  sinuses  of  the  head. 

2.  Special  muscles  which  distend  the  sinuses  and  raise  the  venous 
blood  pressure.  One  of  these  nmscles  (m.  constrictor  venae  jugularis  in- 
teruae)  invests  the  chief  cephalic  vein  at  the  point  where  it  passes  from 
the  head  into  the  neck.  A  second  muscle  (m.  protrusor  oeuli)  lies  behind 
the  orbit  in  close  relation  to  the  large  orbital  sinus. 

3.  The  cardio-accelerator  mechanism.  During  the  operation  of  the 
moulting  mechanism  the  number  of  heart-beats  increases  and  a  larger 
amount  of  blood  is  sent  to  the  head. 

In  the  operation  of  the  moulting  mechanism  two  stages  occur.  The 
first  stage  is  characterized  by  contraction  of  the  constrictor  muscle  and 
by  acceleration  of  the  heart-beat.  The  veins  and  sinuses  of  the  head  are 
distended  with  blood ;  the  eyes  protrude.  The  second  stage  is  caused  by 
contraction  of  the  protrusor  muscle  and  others  which  press  upon  the  dis- 
tended vessels  and  raise  the  blood  pressure  to  a  higher  level. 

The  distension  of  vessels  and  elevation  of  blood  pressure  aid  in  exuvia- 
tion by  stretching  the  skin  and  by  facilitating  the  processes  of  metabolism. 
The  moulting  mechanism  may  be  set  in  motion  in  an  experimental  way 
by  the  application  of  court  plaster,  or  similar  material,  to  the  head. 

In  snakes  and  turtles  the  imternal  jugular  vein  is  provided  with  a 
constrictor  muscle,  but  the  protrusor  oculi  is  wanting.  The  simpler  mechan- 
ism of  these  forms  probably  has  the  same  function  as  the  more  compli- 
cated apparatus  of  the  lizards. 

1  Proc.  Ind.  Acad.  Science.  1898,  p.  229. 

2  Am.  Jour.  Anat.,  Vol.  A^I,  1907.  pp.  1-117. 
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The  Relation  of  the  Degree  of  Injury  to  the  Rate  of 
Regeneration  and  the  Moulting  Period  in  the  Gammarus. 


Mary  T.  IIarman. 


INTKODUCTION. 

Ill  1!)U5  in  some  experiments  on  tlie  craytisli,  Zeleny  found  that  in 
the  series  of  crayfish  with  the  greater  degree  of  injury  each  eliela  regen- 
erated more  rapidly  than  tlie  cliela  in  the  series  with  the  lesser  degree 
of  injury.  He  also  found  that  the  members  of  the  series  with  the  greater 
degree  of  injury  moulted  more  rapidly  than  the  members  of  the  series 
with  the  lesser  degree  of  injury.  In  1900,  in  some  experiments  on  the 
lobster,  Emmel  found  that  in  the  series  of  lobsters  with  the  lesser  degree 
of  injury  the  regeneration  was  more  rapid  than  in  the  series  with  the 
greater  degree  of  injury  and  the  members  of  the  series  with  the  lesser 
degree  of  injury  moulted  more  rn])i(llj'  than  the  members  of  the  series 
with  the  greater  degi'ee  of  injury. 

During  the  summer  of  1905  at  the  Indiana  University  Biological  Sta- 
tion at  Winona  Lake,  Indiana,  the  author  tried  some  experiments  on  gam- 
marus. The  death  rate  was  so  great  that  the  number  of  animals  of  each 
series  that  survived  was  only  six,  and  those  showed  little  difference  in 
the  per  cent,  of  regeneration.  The  series  with  the  lesser  degree  of  injury 
showed  a  little  greater  per  cent,  of  regeneration  than  the  series  with  the 
greater  degree  of  injury.  No  observations  were  made  on  the  relation  of 
the  degree  of  injury  to  the  moulting  period.  During  the  summer  of  1907 
at  the  .same  place  the  author  tried  some  similar  experiments  on  the  same 
gammarus.  The  death  rate  was  again  great  and  the  difference  in  the 
per  cent,  of  regeneration  was  less  than  in  the  first  experiments.  The  degree 
of  injury  niad*>  very  little  difference  in  tlie  lengni  of  the  moulting  ])eriod. 

METHOD. 

The  gammarus  used  in  these  experiments  were  obtained  from  Winona 
Lake,  Indiana,  near  tlie  mouth  of  Cherry  Creek.  On  .Inly  9.  lOO.'i.  about 
(wo    hundred    gammarus    were   taken    from   the    lake    m-ai'    (he    mouth    of 
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Cherry  Creek  :uid  [lut  in  :i  i^lass  jar  partially  tilled  with  lake  water.  On 
July  11,  sixty  of  these  were  selected  for  operation.  The  right  hind  leg  was 
removed  fx'om  each  of  thirty  and  the  two  pairs  of  iiind  legs  were  removed 
from  the  other  thirty.  Each  series  was  put  into  a  glass  dish  partially 
tilled  with  lalve  water.  'J'he  water  was  changed  dail.v.  At  the  end  of 
eigliteen  days  tlie  death  rate  had  heeu  so  great  tliat  only  six  individuals 
of  each  series  survived.  On  examination  it  was  found  that  some  regenera- 
tion had  talien  place  and  it  was  thouglit  best  to  Ivill  those  that  survived. 
They  were  liilled  in  eighty-five  per  cent,  alcohol.  The  right  hind  leg  of 
each  individual  was  removed  and  measured  under  the  microscope  segment 
by  segment.  Likewise  the  right  second  leg  was  removed  and  measured. 
A  comparison  was  made  between  the  regenerated  right  hind  leg  and  the 
normal  right  second  leg.  Also  the  body  length  was  measured  and  its 
length  was  compared  with  the  length  of  the  regenerated  right  hind  leg. 

On  July  8,  1907,  the  author  took  several  gammarus  from  the  lake  near 
the  mouth  of  Cherry  Creek.  On  July  8,  9,  and  10  the  right  hind  leg  was 
removed  from  each  of  twenty-six  individuals  and  the  two  pairs  of  hind 
legs  were  removed  from  tliirty  individuals.  This  time  the  legs  were 
mounted  in  glycerine.  Each  ganunarus  was  placed  in  a  separate  dish. 
Tlie  animals  wei'e  fed  every  five  days  and  the  water  was  changed  daily. 
Two  days  after  the  moult  the  gammarus  were  killed  in  eighty-five  per  cent, 
alcohol.  The  right  hind  leg  was  removed  and  measured  as  before.  The 
length  of  the  regenerated  leg  was  compared  with  the  length  of  the  original 
leg. 

On  July  17  several  gammarus  were  taken  from  the  lake  in  about  the 
same  place  as  before.  They  were  put  in  separate  dishes  partially  filled 
with  lake  water.  The  water  was  changed  daily  and  the  animals  were  fed 
every  five  days.  One  day  after  the  moult  either  the  right  bind  leg  or  the 
two  pairs  of  hind  legs  were  removed.  The  removed  legs  were  mounted  in 
glycerine.  Two  days  after  the  second  moult  each  animal  was  killed  in 
eighty-five  per  cent,  alcohol.  The  right  hind  leg  was  removed  and  meas- 
ured as  before.  The  length  of  the  regenerated  right  hind  leg  was  com- 
pared with  the  length  of  the  original  leg. 
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Explanation  of  Tables — 

From  the  individuals  in  series  A  the  two  pairs  of  hinds  legs  were 
removed.  From  the  individuals  in  series  B  the  right  hind  leg  was  removed. 
The  per  cent,  of  regeneration  was  obtained  by  dividing  the  length  of  the 
regenerated  leg  by  the  length  of  the  leg  with  which  it  was  compared. 

The  animals  of  tables  I  and  II  are  those  on  which  the  experiments 
were  tried  in  1905.  The  per  cent,  of  regeneration  was  also  obtained  by 
dividing  the  i*egenerated  leg  length  by  the  body  length. 

The  animals  of  tables  III  and  IV  are  those  that  were  kept  until  they 
had  moulted  a  second  time. 

The  animals  of  tables  V  and  VI  are  those  that  were  operated  upon  on 
the  next  day  after  the  moult. 

Tables  VII,  VIII,  IX,  and  X  give  the  date  of  operation,  date  of  moult, 
the  time  between  moults  and  the  per  cent,  of  regeneration. 
Discussion  of  results — 

Table  I  shows  that  the  average  per  cent,  of  regeneration  as  measured 
by  comparing  the  length  of  the  regenerated  right  hind  leg  with  the  length 
of  the  normal  right  second  leg  in  series  A  is  82.25.  Table  II  shows  that 
the  per  cent,  of  regeneration  as  measured  by  comparing  the  length  of  regen- 
erated right  hind  leg  with  the  length  of  normal  right  second  leg  is  84.79. 
This  shows  that  the  series  with  the  lesser  degree  of  injury  has  regenerated 
2.54  per  cent,  more  than  the  series  with  the  greater  dgree  of  injury.  This 
difference  is  scarcely  enough  to  take  into  account. 

Table  III  shows  that  the  average  per  cent,  of  regeneration  as  meas- 
ured by  comparing  the  length  of  the  regenerated  right  hind  leg  with  the 
length  of  the  removed  right  hind  leg  in  series  A  is  60.8.  Table  IV  shows 
that  the  per  cent,  of  regeneration  as  measured  in  the  same  way  as  series 
A,  table  III,  in  series  B  is  62.5.  'I'his  shows  that  the  series  with  the  lesser 
degree  of  injury  has  regenerated  1.7  per  cent,  more  than  the  series  with 
the  greater  degree  of  injury.    This  difference  is  less  than  before. 

Table  V  shows  that  the  per  cent,  of  regeneration  as  measured  as  above 
in  series  A  is  60.5.  Table  VI  shows  that  the  per  cent,  of  regeneration 
measured  as  above  in  series  B  is  59.5.  This  shoves  that  the  series  with 
the  greater  degree  of  injury  has  regenerated  1  per  cent,  more  than  the 
series  with  the  lesser  degree  of  injury.  In  each  case  the  two  series  com- 
pared were  treated  in  as  nearly  the  same  way  as  possible  with  the  excep- 
tion of  the  degree  of  injury. 
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Table  VIl  series  A  shows  an  average  of  10  2-7  days  between  moults. 
Table  YIII,  series  B,  sliows  an  average  of  1~>  days  between  moults.  This 
shows  that  the  series  with  the  greater  degree  of  injury  has  an  average 
of  1  2-7  days  longer  between  moults  than  the  series  with  the  lesser  degree 
of  injury. 

Table  IX,  series  A,  shows  an  average  of  13  2-3  days  between  operation 
and  moult,  A\'liic'h  would  make  1-1 2-3  days  between  moults.  Table  X, 
series  B.  shows  an  averiige  of  15-1-5  days  between  the  operation  and  the 
moult,  which  would  make  a  period  of  16  4-5  days  between  moults.  This 
shows  that  the  series  with  the  lesser  degree  of  injury  has  an  average  of 
1  2-15  days  longer  period  between  moults  than  the  series  with  the  greater 
degree  of  injury.  An  average  of  the  two  sets  of  observations  shows  prac- 
tically no  difference  l)otween  the  length  of  the  moulting  period  of  the 
series  with  the  greater  degree  of  injury  and  the  series  with  the  lesser 
degree  of  injury.  In  each  case  the  series  with  the  longer  period  between 
moults  has  the  lesser  per  cent,  of  regeneration.     Conclusions : 

1.  The  degree  of  injury  of  the  gammarus  has  no  effect  on  the  rate 
of  regeneration  in  the  legs  of  the  gammarus. 

2.  The  degree  of  injury  in  the  gammarus  has  no  effect  on  the  length 
of  the  moulting  period  of  the  gammarus. 
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The  Influence  of  Environment  on  Man. 


By  Hobebt  Hesslkk. 

(Abstract.) 

The  paper  traced  in  broad  lines  tbe  intiueuce  of  latitude  as  seen  in 
the  frigid,  torrid,  and  temperate  zones.  Factors  that  bear  on  the  matter 
of  health  and  ill-health  were  taken  up  in  some  detail  for  the  temperate 
zone. 

Local  State  conditions  were  then  taken  up  from  the  standpoint  of 
the  biologist  and  evolutionist,  beginning  with  the  primitive  inhabitants, 
the  Indians ;  the  absence  of  diseases  on  account  of  their  environment  and 
customs  was  commented  on.  The  white  settlers  who  came  in  belonged  to 
a  race  where  elimination  through  the  action  of  disease  had  been  going  on 
actively  for  ages  and  among  whom  the  more  susceptible  had  been  killed 
off  and  were  still  being  killed  off,  but  today  largely  dependent  on  modi- 
fiable disease-producing  conditions. 

Individuals  or  families  or  strains  whose  history  goes  back  to  Euro- 
pean city  life  may  show  quite  a  different  reaction  to  present  day  environ- 
ment than  does  that  of  those  whose  ancestry  goes  back  to  country  life 
with  little  elimination  on  account  of  diseases  The  early  Jews  who  ar- 
rived in  this  country  were  almost  exclusively  from  the  cities  where  the 
disease  weeding  out  process  had  been  most  severe ;  the  Jews  coming  in 
today  are  mainly  from  the  country  districts  where  the  air  conditions  are 
good,  and  when  these  crowd  into  our  dirty  cities  many  fail.  Asiatics, 
again,  coming  from  the  highly  unsanitary  cities  are  able  to  thrive  in  our 
own  cities,  because  they  are  the  survival  of  the  fittest,  fittest  to  live  under 
unsanitary  surroundings. 

Among  the  descendants  of  the  pre-revolutionary  immigrants  to  this 
country  we  have  to  consider  the  ancestral  urban  or  rural  life,  and  similar 
life  conditions  since  in  this  country,  with  its  attendant  elimination  or 
non-elimination.  A  hardy  stock  transferred  to  an  isolated  environment, 
as  to  the  soutliern  mountains,  is  to  a  large  extent  exempted  from  ex- 
posure  to   diseases   and   practically   all   the   offspring   may   reach   the   re- 
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productive  stage ;  when  removal  to  the  crowded  city  talies  place  elimina- 
tion through  disease  is  ujjt  to  go  on  actively. 

Reaction  to  environment  varies  greatly,  from  a  feeling  of  health  to 
illhealth  and  disease.  Pain  is  to  be  regarded  as  a  warning  from  nature 
and  plays  an  important  role  in  the  process  of  adaptation  to  environment. 
Some  strains  or  individuals  are  wholly  unadapted  to  city  life  with  its 
manifold  disease-producing  conditions.  Many  disease-producing  conditions 
have  been  eliminated  from  city  life  today,  others  are  more  active  than  ever, 
notably  the  impure  air  factor. 

A  study  of  simple  country  conditions,  of  village  conditions,  of  town 
and  small  city  conditions  may  shed  much  light  on  the  complex  city  life. 
Much  of  the  illhealth  and  disease  of  the  lai'ge  city  is  preventable  and  the 
lives  of  many  can  be  lengthened.  The  erection  of  more  hospitals,  as  ordi- 
narily conducted,  is  not  a  remedy  for  correcting  the  evils  of  city  environ- 
ment ;  the  environmental  influences  are  themselves  to  be  largely  altered. 
Much  depends  on  education  and  there  is  urgent  need  for  an  institution 
that  will  take  up  the  study  of  factors  operative  today. 
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Some  Notes  on  the  Habits  of  the  Common  Box  Turtle 
(Cistudo  Carolina). 


Glenn  Ctji-bkrtson. 


During  the  latter  part  of  last  July,  while  passing  through  an  exten- 
sive tract  of  woodland  in  the  so-called  "Flats"  or  "Slashes"  of  Jefferson 
county,  I  noticed  a  very  unusual  number  of  the  common  box  turtle  in  a  pool 
of  muddy  water.  The  pool  was  less  than  ten  feet  in  diameter  and  was 
frequented  by  a  number  of  hogs  as  a  wallow. 

On  removing  from  the  pool  the  turtles,  some  of  which  were  visible 
and  others  completely  buried  in  the  soft  mud,  I  counted  seventy-two.  They 
were  all  sizes  from  two  or  three  inches  in  length  up  to  eight  inches.  The 
largest  had  the  number  18(57  carved  on  its  under  side,  the  number  in  all 
probability  having  been  j)laced  there  during  that  year. 

The  number  of  these  animals  found  in  this  pool  is  certainly  remark- 
able. I  have  spent  many  hours  in  the  woods  and  fields  of  Jefferson  and 
other  counties  of  southeastern  Indiana,  and  have  never,  until  on  this  oc- 
casion, seen  more  than  two  or  three  of  these  turtles  together,  or,  in  fact, 
during  any  one  day. 

Q'he  explanation  of  this  unusually  large  gathering  of  these  turtles  is 
probably  found  in  the  intense  heat  of  tlie  ten  days  or  two  weeks  pre- 
ceding the  date  of  their  observation.  Although  the  soil  was  not  at  all 
dry,  the  heat  probably  drove  them  to  the  pool  from  all  sides.  On  the 
same  day  I  observed  two  other  turtles  burying  themselves  in  a  muddy 
spot  but  a  foot  or  so  in  diameter. 

When  I  had  returned  the  animals  to  the  pool,  and  while  observing 
them  from  a  distance  a  number  of  hogs  approached,  and  in  a  few  moments 
several  of  the  largest  had  each  picked  up  a  turtle  and  were  endeavoring 
to  crush  the  shells.  I  watched  the  performance  with  considerable  interest, 
as  I  had  previously  supposed  fhat  forest  fires  were  about  the  only  enemy 
of  these  turtles.  To  my  surprise  the  largest  hogs,  after  many  attempts, 
and  with  a  noise  as  thougli  cracking  walnuts,  succeeded  in  crushing  the 
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shells,  ami  surrounded  by  a  group  of  smaller  animals  of  their  kind,  squeal- 
ins  for  a  share,  they  ate  the  contents  with  evident  satisfaction. 

I  drove  the  hoijs  avi^ay,  but  on  revisiting  the  place  a  few  hours  later 
I  found  that  tlie  hogs  liad  returned,  and  that  they  had  crushed  and  eaten 
the  greater  number  of  the  smaller  turtles,  and  some  that  were  as  much 
as  six  inches  in  length. 

From  these  observations  it  would  seem  that  the  hog  has  been  one 
of  the  principal  enemies  of  this  turtle,  and  that  in  recent  years,  since  few 
hogs  have  been  allowed  to  range  the  woods  and  fields,  the  box  turtle  has 
been  rapidly  increasing  in  number. 
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The  Peronosporal,es  of  Indiana. 


Guy  West  Wilson. 


The  species  of  this  order  of  fungi  are  all  parasitic  upon  the  higher 
plants  and  are  of  two  types  known  respectively  as  the  White  Rusts  and 
the  Downy  Mildews.  The  White  Kusts  (Albuyo)  are  easily  recognized  by 
their  milk-white,  glistening  sori  which  are  produced  ou  the  leaves  and 
stems,  and  even  on  the  Uowers  and  fruits  of  various  weeds  and  a  few 
useful  plants.  The  Downy  Mildews  produce  white  mould-like  patches 
upon  the  under  surface  of  the  leaves  of  various  plants.  To  this  group 
belongs  the  Downy  Mildew  of  the  grape  {Rhysotheca  viticola  (B.  &  C.)  G. 
W.  Wilson)    which  is  one  of  our  most  destructive  fungous  diseases. 

Our  knowledge  of  the  Indiana  species  of  the  order  is  in  a  great  de- 
gree due  to  the  work  of  the  late  Dr.  L.  M.  Underwood,  whose  "List  of 
Cryptogams  at  Present  Known  to  Inhabit  the  State  of  Indiana'"*  contains 
a  list  of  fourteen  species  of  three  genera  on  twenty-seven  hosts  which 
were  completely  determined,  besides  six  additional  entries  of  hosts  by 
generic  name  only.  As  a  result  of  a  study  of  the  material  in  the  herbaria 
of  Dr.  J.  C  Arthur  and  of  the  author,  a  paper  entitled  "The  Phycomycetes 
of  Indiana"  A\as  prepared  and  presented  to  this  Academy  two  years  ago. 
This  paper  contained  four  additional  species  of  this  order,  one  of  them 
being  admitted  on  the  authority  of  Dr.  W.  A.  Kellerman.  Since  this  time 
Peronospora  floerkeae  Kellerman  has  been  recorded  as  a  member  of  our 
flora.t 

Within  the  last  year  the  opportunity  presented  itself  of  restudying  the 
material  in  the  herbarium  of  Dr.  I'nderwood  and  of  verifying  the  deter- 
minations both  of  fungi  and  hosts.  This  resulted  in  the  detection  of  a  new 
host  and  in  the  reduction  of  three  of  the  six  partially  determined  ones  to 
others  alread.\'  listed.  Subsequent  field  work  has  supplemented  the  list 
both  of  fungi  and  hosts  mitil  now  twenty-t\yo  species  of  six  genera  on 
forty-seven  hosts  are  known  from  the  state.  The  numl">er  of  genera 
as  compared  with  previous  published  records  is  doubled,  the  number  of 
species  has  been  increased  a  third,  and  the  list  of  hosts  almost  doubled. 


*Proc.  Ind.  Acad.  Sci.  1893:  31-33.    1894. 
jWilson,  Torrey a ,  6 :  192.    1907. 
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In  conclusion  I  wish  to  most  tieartily  tliank  tliose  botanists  wtio  have 
so  Icindly  co-operated  with  me  in  this  work. 

FAMILY  1.     ALBUGINACEAE. 

1.     Albugo  bliti   (Biv.)   Kuntze. 

On  Acnida  tamariscina  (Nutt).   Wood,  Hamilton,  8:1907$. 

On  Amaranthus  graecezans  L.,  Tippecanoe,  10:1907. 

On  Amaranthus    huhridus    L.    (including   A.    sp.    of   Underwood), 

Johnson,  Putnam,  Tippecanoe  1893:31: — Madison,  8:1907. 
On  Amaranthus  retro  flex  us  L.,  Johnson,  1893:31: — Hamilton. 

7:1907;  Madison,  8:1907;  Tippecanoe,  10:1905. 
On  Am  a  rant  hvs    spiiiosvs    L..    Montgomery,    1893:31: — Hamilton, 

7  :1907. 
'■'     Albugo  caxdida  (Pers.)  Koussel. 

On  Brassica  arvensis  (L.)  B.  S.  P.,  Putnam,  8:1907. 

On  Br assica   nigra    (T-.)    Koch,    .Johnson.    Tippecanoe,    1893:32: — 

Hamilton,  Putnam,   7  :1907. 
On  Bursa    bursa-pastoris    (L.)    Rrittou.    {Capsella  Bursa-pastoris 

Moench).  Montgomery,   I'ntiinni,  1893:32: — Hamilton,  7:1907; 

Tippecanoe,  5:10(k;. 
On  C'ardamine  hulbosa  (Torr.),  Britton,  Montgomery,  1893  :32§. 
On  Dentaria  sp..  Montgomery,  1893  :32. 
On  lodanth us   pinnatifldus    (Michx.).    Steud.      {ThelypodUnii    piii- 

nuMfldv.m    Wats.).  Tippecanoe,   (>:i907.      (Arthur)    Herbarium 

Arthur. 
On  Lepidium  virginicum  L.,  Putnam,  7  :1907. 
On  Raphanvs   sativus   L..    Johnson.    Putnam.    1893 :32 ;    Hamilton, 

7:1907. 
On  Roripa   armoracea    (L.)    A.    S.    Hitchcock    {Nasturtium    armo- 

raeia  Fries).     Putnam.  7:1897,  7:1907;  Tippecanoe,  8:1894. 

(W.  Stewart.)     Herbarium  Arthur. 
On  Roripa  pal ustris  (L.)  Bessey  {Nasturtium  palustre  DC),  Ham- 
ilton. 8:1907. 
On  Sinapus  alba  I..  Johnson,  1893:32. 


IDate  of  collection.  Other  references  are  to  year  and  page  of  these  proceedings,  i.  «., 
1893:31. 

'i  The  material  in  the  Underwood  herbarium  is  labeled  as  above,  but  listed  as  C.  J>ul- 
bosa  purpurea. 

[6—18192] 
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On  Sisymbrium  officinalis   (L. )    Scop.,  Browu,  Putnam,  1893:32: — 

Hamilton,  7:1907. 
On  Sophia  plnnata  (Walt.),  Britton  (Sismnhrioin  caiicsecii.':;  Nutt). 

Putnam,  1893  :32  :— Tippecanoe,  5:1905. 
On  Sophia  millefolium  llydberg,  Putnam.  1893:32  (as  Sisymbrium 

canescens  p.  p.). 

3.  Albugo  ipomoeae-panuuranae  (Scliw.)  Swinij. 

On  Ipomoeae  hedcravea  Jacq.  (/.  nil.),  Putnam,  Tippecanoe,  1893: 
32  :— Hamilton,  8  :1907. 

On  Ipomoca  pandurata  (L.)  Meyer.  .Johnson.  1893  :32 :— Tippeca- 
noe. 0:1898.     (Arthur.)     Herbarium  Arthur. 

4.  Albugo  portulacae  (DC.)   Kuntze. 

On  Portalaca   olcrucca   L..   Johnson,   ^Montgomery,   Putnam.   Tippe- 
canoe, 1893:32: — Hamilton,  8:1907;   Madison,  8:1907. 
Ct.     Albugo  tp.agopogoiVIS  (DC.)   S.  V.  Gray. 

On  Ambrosia  artemisslacfolUi.  L.,  Putnam,  7  :1907. 

FAMILY  2.     PEEONOSPOPACEAB. 

G.     l>AsiuioPnoKA  EiVTosPROA  lioze  and  Cornu. 

On  Aster  norac-anglae  L.,  Tippecanoe,  5  :1907. 

7.  ScLEROSPORA  GRAMiNiC'OLA   (Sacc.)    Schriiter. 

On  Setaria  sp.,  Steuben.  (Kellcrman.)  Herbarium  Ohio  State 
University. 

8.  RlIYSOTHECA    AT'STRAi>IS     (  SpCg. )     (i.    W.    WilSOU. 

On  Sicyos  angulatus  L.,  Johnson,  1893:32: — Tippecanoe,  9:1905. 

9.  Khysotheca  geranii   (Peck)   C  W.  Wilson. 

On  Geranium  caroliitianuni  L.,  Putnam.  Vigo,  1893:32. 

10.  Rhysotheca  Halstedii  (Farlow)   G.  W.  Wilson. 

On  Bidcns  connata  Miihl.,  Johnson,  1893  :32. 

On  Bidens   frondosa   L.,    Johnson.    1893 :32 : — Hamilton,    Madison. 

8:1907;  Putnam,  7:1907. 
On  Erificron  annuus  L.,  Hamilton,  8:1907. 
On  Helianthus  annuus  L.,  Montgomery,  1893  :32. 

11.  Khysotheca  obducens  (Schroter)  G.  W.  Wilson. 

On  Impatlens  uurea  Miihl.   (/.  pallida  Xutt.),  Tippecanoe,  1893:32. 
On  Iiiipatieiis  bipora  Walt.      ( /.  fulva  Xutt.,  /.  xp.  of  Underwood  K 
Putnam.  1893' :32  :— -Marion.  5:190(i. 
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12.  Rhysotheca  viticola  (B.  &  C.)   G.  W.  Wilson. 

On  ^  ItLs  aestavilis  Mielix..  Tippecanoe,  G:189-i  (Artlnir).  llef- 
bariuni  Arthur;  Lalce,   7:1894    (Artliur).     Herbarium  Artliur. 

On  \'itis  cordifoUa  Miclix.,  Johnson,  1893:32: — Hamilton,  Putnam. 
7:1907;  Tippecanoe.  9:1905. 

On  Mtis  labnisca  L.  (including  Vitis  sp.  cult,  of  Underwood), 
Crawford,  Johnson.  Montgomery,  Putnam,  1893 :32 : — Hamil- 
ton, 7  :1907  ;  Madison,  8  :1907. 

13.  Beemia  lactucae  Kegel. 

On  Lactuca  canadensis  h.,  Hamilton,  Putnam,  7  :1907. 
On  Lactuca   satira   L..    In   (Treenhouses,   Tippecanoe,   3 :1903,    (Ar- 
thur).    Herbarium  Arthur. 

14.  Peronospoba  ai.ta  Fucliel. 

On  Plantago  major  L.,  Johnson,  I'utnam,  1893 :32 : — Hamilton, 
8  :1907. 

15.  Peronospora  corydalis  de  Bary. 

On  Bicucula  canadensis  (Goldie)  Millsp.  {Dicentra  canadensis 
DC),  Putnam,  1893  :32  :— Tippecanoe,  5  :190G. 

On  Bicucula    cucularia    (L.)    Millsp.       {Dicentra    ciiclaria    DC), 
Montgomery,  1893:32. 
10.     Peronospora  effusa  ((irev.)   Kabenh. 

On  Chenopodium  album  Ij.  (including  Vhenopodiuni  sp.  of  Under- 
wood), Johnson.  Putnam,  1893 :32 :— Hamilton,  8:1902;  Tip- 
pecanoe, 6:1894   (OUre). 

17.  Peronospora  euphorijiae  Fuckel. 

On  Euphorihia  huniistrata  Engelm.,  Tipi>ecanoe,  0:1902    (Arthur). 

Herbarium  Arthur. 
On  Euphorhia   inaruUita  L..  Hamilton.  8:1907;  Putnam,  7:1907. 

18.  Peronospora  ficariae  Tul. 

On  Ranunculus  recurrutus  Poir  (including  Ranunculus  sp.  of  Un- 
derwood), Montgomery,  I'utnam,  1893:32. 

19.  Peronospora  floerkeae  Kellerman. 

On  Floerkea  proscerpinacoides  Willd.,  Hamilton,  5:190(>. 

20.  Peronospora  parxsitica  (I'ers.)  Fries. 

On  Brassica  niijra  (L.)  Koch.,  Putnam,  8:1907. 
On  Raphanus  saticus  L.,  Hamilton,  7:1907. 

On  Sophia  pinnata  (WiUt.)  Britton  {Sisynihrium  canescens  Nutt.) 
Tippecanoe,  5  :1905. 
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21.  Peronospora  polygoni  Thiimen.      (/'.  rum  wis  Aut.  p.  p.) 

On  Polygonum  scandens  L.,  Johnson,  1893  :33  -.—Hamilton.  7  :1907  ; 
Putnam,  8:1907. 

22.  Peronospora  potentiixae  de  Bary. 

On  Potentilla    monsepalensis    L.      {F.    norcegica    L.).    Hamilton. 
7:1907;   Putnam,  8:1907. 
Upper  Iowa  T^niversity. 
Fayette,  Iowa. 
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The  Behavior  of  the  Chromosomes  in  Pinus  and  Thitya. 


I.  M.  Lewis. 


A  more  unifurm  iuteritivtutiou  prevails  .-luion.ij;  botiiuists  today  cou- 
cerniiig  the  reduction  of  cliromosomes  in  tlie  spore  mother  cells  of  the 
higher  seed  plants  tlian  at  any  time  in  the  history  of  this  most  perplex- 
ing of  all  questions.  The  view  once  prevalent  that  the  reduction  is  brought 
about  by  two  longitudinal  fissions  of  the  chromatin  has  been  almost  en- 
tirely abandoned,  and  there  is  a  growing  belief  which  is  now  almost  uni- 
versal that  a  true  numerical  reduction  tal<es  place  as  proposed  by  Weis- 
mann.  several  years  ago,  although  this  occurs  in  the  tirst  instead  of  the 
second  mitosis. 

The  question  of  tlie  occurrence  of  a  true  reducing  division  may  be 
taken,  therefore,  as  quite  definitely  settled.  The  investigations  which  have 
brought  about  this  condition  have,  however,  raised  new  questions  whicli 
are  almost  as  difficult.  Chief  among  these  questions  may  be  mentioned : 
the  individuality  of  chromosomes,  the  origin  of  chromosomes  from  the 
spirem  and  the  manner  in  which  the  characters  are  distributed  to  the  germ 
cells.  Concerning  these  questions  there  are  various  conflicting  views.  It 
is  quite  generally  accepted  among  cytologists,  that  the  maternal  and  pa- 
ternal chromatin  remain  in  a  state  of  complete  segregation  throughout  the 
growth  phase  of  the  organism  and  that  they  become  more  or  less  completely 
united  at  the  time  of  synapsis.  The  behavior  of  chromosomes  in  hybrid 
forms  has  had  a  great  influence  in  bringing  about  this  conception. 

It  is  concerning  the  origin  of  the  chromosomes  from  the  resting  neu- 
cleus  and  their  union  in  synapsis  that  the  widest  difference  of  opinion  is 
held.  There  is  one  group  of  investigators  among  whom  Strasburger,  Guig- 
nard,  Allen,  Overton  and  others  are  prominent  who  maintain  that  the 
chromosomes  of  each  ancestry  become  arranged  into  a  complete  spirem  pre- 
vious to  synapsis,  that  these  two  spirems  then  approach  each  other  and 
apparently  fuse  side  by  side  into  one  during  tlie  synaptic  phase.  Follow- 
ing synapsis  the  spirems  again  separate  somewhat  and  cross  segmentation 
takes  place.  The  somatic  chromosomes  which  have  been  so  united  side 
by  side  become  variously  oi-iented  toward  each  t>ther  and  thus  give  rise 
to  the  heterotype  bivalents  typical  of  this  mitosis. 
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The  opposite  view  wliieli  has  been  supported  by  Farmer  and  Moore, 
Mottier,  Shaffner,  Juel  and  others,  holds  that  two  spirems  are  not  formed 
previous  to  S3Tiapsls.  but  that  tlie  spirem  is  formed  singly  and  the  chromo- 
somes are  arranged  tandem  in  the  spirem.  The  bivalent  chromosomes 
are  formed  by  the  spirem  segmenting  into  pieces  tlie  length  of  two  chromo- 
somes. These  pieces  have  often  formed  loops,  but  this  is  not  always  the 
case.     Some  of  the  pieces  become  approximated  after  cross  segmentation. 

In  the  two  genera  investigated  there  are  no  signs  of  a  complete  spirem 
previous  to  synapsis.  The  chi'omatin  content  of  the  nucleus  always  exists 
as  rather  large  granular  chromatic  lumps  connected  by  delicate  anasto- 
mosing strands  uf  linen.  The  number  of  these  lumps  is  quite  large,  much 
exceeding  the  number  of  somatic  chromosomes  typical  of  the  species.  There 
is,  therefore,  no  support  in  these  genera  for  the  theory  of  the  individuality 
of  chromosomes  based  on  the  idea  of  prochromosomes  as  suggested  by 
Rosenburg  for  Drosera  and  by  Overton  for  Thalictrum. 

The  first  indication  that  the  synaptic  condition  is  approaching  is  the 
withdrawal  of  the  nuclear  net  work  toward  one  side  of  the  nuclear  cavity. 
There  is  no  change  whatever  in  its  structure  or  staining  reaction.  Some 
of  the  chromatin  bodies  may  be  seen  lying  together  in  close  proximity,  but 
this  is  not  interpreted  as  an  indication  that  they  are  preparing  for  subse- 
<iuent  fusion.  It  is  likewise  clear  that  an  occasional  linen  thread  follows 
for  some  distance  the  same  course  as  one  lying  near  it.  but  this  does  not 
occur  with  anything  like  the  regularity  figured  by  Allen,  Cardiff  and 
others  and  is  regarded  as  occurring  too  irregularly  to  have  any  significance. 
The  synaptic  condition  is  reached  while  the  nuclear  content  is  still  in  the 
form  of  a  reticulum.  There  is  no  pairing  of  chroiiioniercs  or  of  the  linen 
threads  connecting  them. 

The  chromatin  emerges  from  the  synaptic  knot  in  the  form  of  a  rather 
broad  spirem  or  skein  which  frequently  reveals  a  double  nature  and  this 
is  interpreted  as  due  to  a  longitudinal  fission.  The  spirem  becomes  quite 
evenly  distributed  throughout  the  cavity.  It  may  frequently  happen,  how- 
ever that  the  more  regular  spirem  gives  rise  to  a  very  irregular  and  some- 
wliat  lumpy  reticulum  before  cross  segmentation.  Formation  of  the  chromo- 
somes now  talves  place.  The  chromosomes  consist  of  two  somatics,  which 
have  either  l)ecome  ai)pi'oKiniated  together  or  were  not  sejnirated  from 
each  other  durhig  segmentation. 

The  chromosomes  now  become  ai'i-anged  in  the  si)indle  i)late  by  the 
nction    of   the    lilxM-s   and    tlieir   disti-iimtion    to    the   (lauiriiter   nuclei    takes 
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place.  This  is  affi'ctt'd  in  such  a  way  that  the  iiu'iiibers  of  the  bivalent 
are  separated  and  one  lueniher  passes  entire  to  each  daughter  nucleus, 
thus  bringing  al)out  a  (jualitative  division.  The  retreating  chromosomes 
undergo  longitudinal  tission  as  tliey  pass  to  the  poles.  Having  arrived  at 
the  poles,  they  soon  break  up  into  smaller  pieces,  lose  entirely  their  iden- 
tity and  form  a  complete  resting  nucleus.  This  condition  lasts  but  a  short 
time  when  a  spirem  is  again  formed  which  segments  into  rod  shaped 
univalent  segments.  These  segments  have  been  quite  generally  assumed  to 
be  identical  with  the  ones  which  appeared  at  the  poles  of  the  spindle  at 
the  close  of  the  first  mitosis,  but  since  these  segments  were  seen  to  lose 
their  identity  entirely  there  is  no  basis  in  fact  for  such  a  supposition. 
If  these  segments  are  not  identical  with  the  grand  daughter  segments  of 
the  first  mitosis  then  this  division  is  not  equational.  The  first  division 
in  both  genera  is  (uialitative  and  rcdnctional ;  the  second  may  be  conceived 
either  as  e(piational  or  qualitative. 

The  investigations  on  which  this  preliminary  report  is  bas(>d  will  ap- 
pear later  in  a  more  complete  form,  together  with  figures  illustrating  the 
entire  lu'ocess  of  mitosis. 
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The  Insect  Galls  of  Indiana. 


Mel  T.  Cook. 


During  the  past  suminei-  I  ha\'e  received  a  large  number  of  species  of 
galls  from  Mr.  F.  C.  Greene,  of  New  Albany,  Indiana.  This  material  was 
collected  in  the  vicinity  of  Winona  Lake  and  contained  a  number  of  well 
defined  species,  including  17  species  not  recorded  in  my  "Insect  Galls  of 
Indiana."*  In  order  to  facilitate  the  vs'ork  of  future  students  on  the 
flora  and  fauna  of  the  state  and  also  to  give  records  of  distribution  to  the 
more  general  students  who  may  bo  working  over  the  material  of  a  greater 
territory,  it  has  been  considered  a<ivisable  to  publish  descriptions  of  these 
additional  species. 

Mr.  Greenes  collection  and  also  my  own  Indiana  collections  made  some 
years  ago  contain  a  number  of  species  which  I  am  unable  to  determine 
at  this  time  and.  in  fact,  many  which  I  believe  to  be  undescribed.  My 
studies  were  made  primarily  from  the  standpoint  of  the  botanist,  and  as 
all  students  of  these  groups  well  know  there  are  frequently  many  difficul- 
ties in  making  satisfactory  determinations  unless  the  insects  are  taken 
into  consideration.  In  most  cases  I  did  not  have  the  insects,  but  made 
my  determinations  from  the  galls.  However.  I  hope  to  take  up  the  re- 
maining species  at  a  later  date  and  make  satisfactory  disposition  of  them. 
A  summarization  of  the  facts  presented  in  this  paper  gives  the  fol- 
lowing; an  addition  of  17  new  species  of  galls  making  a  total  of  82 
sj)0('ies  known  to  the  state.  An  addition  of  5  new  genera  making  a  total 
of  33  genera.*  The  host  plants  named  in  tliis  list  gives  us  two  new  orders, 
five  new  families  and  ten  new  genera  of  host  plants. 


*29th  Annual  Report  of  the  Department  of  Geologry  and  Natural  Resouroe.s  of  Indi- 
ana. 1904,  pp.  801-867. 

*My  Insect  (lalls  of  Indiana  grave  25  Genera,  but  Aldricli  in  liis  Catalogrue  of  North 
American  Diptera  (1905)  transfers  Cecidomyia  strobiloides  C).  S.  to  the  genus  Rhabdo- 
phaffa,  Cecidomyia  solidaginis  Loew  to  the  genus  Dasyneura,  and  Trypeta  snlidnginis 
Fitch  to  the  genus  Durosta,  thus  bringing  my  list  from  26  to  28  genera. 
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The  new  orders,   families  and  genera  are  indicated  in  the  following 
table  by   italics. 

Orders.  Fa  milies.  Genera. 

Salicales    Salicaceae   Salix. 

Juglandales    ^Juglaudaceae    Uicoria. 

Quercus. 

Resales    Rosaceae    ^Spiraea. 

Sapindales    Balsaminaceae    Inipatiens. 

Rhamnales    Vitaceae    Vitis. 

Eridales    Vacclniaceae    ]'(icciniuni. 

Polmomiales    Labiate (Hecoma. 

Monarda. 

Cichoriaceae    LO'Ctuca. 

Amhrosiaceae   Ambrosia. 

Campanulales    Vernonia. 

Compositae  Erlgeron. 

!?!i<Jhrekia. 


HYMENOPTERA. 

CYNIPIDAE. 

DiASTKoPHus    siMTLis   Bassett. 

Diastrophus  similis^ 

Bassett,  Can.  Entom.  Vol.  XIII,  No.  5,  May  1881.  p.  95. 

Smith,  N.  J.  State  Bd.  Agriculture  1899. 

Ashmead,  Tran'fe.  Amer.  Entom.  Soc.  1885.  p.  294. 

Dalla  Torre,  Cat.  Hymen.    (Cynipidae)   Vol.   II.  1893.  p.  108. 

Cook,  Ohio  Nat.  Vol.  Ill,  No!  7  1908,  p.  428. 

Cook,  Ohio  Nat.  Vol.  IV,  No.  6  1904.  pp.  119,  120. 

This  gall  is  spherical  in  shape  varying  from  %  to  %  inch  in  diameter, 
with  one  and  sometimes  moi*e  larval  chambers  in  the  center.  The  larval 
chamber  is  held  in  place  by  very  coarse  fibres  which  radiate  from  the 
center  to  the  tliiu  outside  covering.  It  is  a  pale  green  color  and  occurs 
on  the  leaves  and  petioles  of  Glecoma  hcderacrn.  Sometimes  two  or  more 
galls  coalesce  forming  a   compound  structure.     It  was  at  tirst  described 
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by  Bassett  from  Conuecticut  and  Long  Island  material  in  1881.  It  h.is 
since  been  re])orted  from  New  Jersey  by  Smith  and  the  writer  has  col- 
lected it  in  Ohio. 

Anurict;s    siNGt'LARis    F.assett. 

Vynips  quercus--^higularU — 

Bassett,  Proc.  Entomol.  Soc.  Phil.  \o\.  II,  18()3.  p.  326. 
Cyiiips  singularis — - 

Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  Vol.  IV.  1865,  p.  355. 

Walsh,  Amer.  Ent.  Vol.  II.  1870.  j).  184. 

Osten-Sacken.  7th  Ke]>t.  V .  S.  Geol.  &  Geog.  Sur.-Zool.  1873  &  74.  p.  567. 
Andricus  singularis — 

Bassett,  Amer.  Nat.  Vol.  XVI.  p.  246. 

Mayr,  20  Jahresber.  Comm :  Oberrealsch.  I.  Bes.  1881.  p.  28. 

Ashmead,  Trans.  Amer.  Entomol.  Soc.  Vol.  XII.  1885,  p.  295. 

Gillette,  27th  Ann.  Agri.  Itpt.  of  Mich.  1888,  p.  469. 

(iillette.  Psyche  Vol.  V.  1880.  p.  186. 

Gillette,  Proc.  Iowa  Acad.  Sci.  Vol.  I.  Pt.  2.  1890-91.  pp.  110-114. 

Packard,  5th  Rpt.  U.  S.  Ent.  Com.  (Forest  Insects)   1890.  p.  105. 

Beutenmiiller,  Bui.  Amer.  Mus.  Xat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  256. 

Dalla   Torre,    Cat.   Hymen.    (Cynipidae)    Vol.    II.    1893.   p.    Kio. 

Smith,  N.  ,J.  State  Bd.  Agriculture.  1899. 

Beutenmiiller,  Amer.  Mus.  .Tour.  Vol.  IV.  No.  4.  1904.  p.  15. 

This  gall  is  formed  in  the  spring  and  early  summer,  is  spherical,  green 
and  varying  from  14  to  i/^-inch  in  diameter.  The  larval  chamber  is  oblong 
and  is  lield  in  its  place  by  radiating  fibers.  The  outer  covering  is  smooth 
and  thin.  It  is  so  placed  in  the  leaf  that  2-3  project  below  the  lower 
surface  and  1-3  above.  It  very  much  resembles  Amphlbolips  inanis  O.  S. 
except  that  it  is  smaller.  It  has  been  reported  by  Bassett  from  Connecti- 
cut and  has  since  been  reported  from  New  York,  New  .Tersey,  Iowa.  Miclii- 
gan.  The  writer  has  also  collected  it  in  oiiio.  Tlie  reixn-ts  thus  far  indi- 
cate that  it  is  restricted  to  Qiicreiis  riihni. 

(Note. — The  gall  descril)ed  by  iiic  in  Insects  galls  of  Indiana.  29th  Rpt. 
of  the  Dept.  of  Geol.  and  Nat.  Res.  of  Indiana  1904,  p.  836,  as  Holcaspis 
centricola  O.  S.  was  an  error  and  should  have  been  described  as  A.  sin- 
gidaris  Bassett.) 


91 

AuLux   TUMiDus    Bassett 

Aiihid-  tutniduts — 

Bassett,  Trams.  Aincr.  Eiit.  Sdc  \o\.  XVII.  1890.  p.  92. 
BeiitenmuUer,  Bui.  Amer.  Miis.  Nut.  Hist.  Vol.  IV.  No.  1.  1892.  p.  263. 
Beuteumullei-,  Amer.  Mus.  Jonr.  Vol.  IV.  No.  4.  1904.  p.  23. 

Aulax  tu  III  Ida — 

Dalla  Torre,  Cat.  Hymeu.     (Cynipidao)   Vol.  II.  1893.  p.  125. 

This  gall  is  a  large,  thick,  knotty,  irregular,  rather  ovate  swelling 
wiiieh  may  be  so  small  as  to  be  scarcely  noticeable  or  which  may  attain 
a  length  of  two  or  three  inches  and  a  diameter  of  one  inch.  It  is  usually 
near  the  summit  of  the  stalk  and  covered  with  the  short  flower  stems  of 
the  panicle.  The  larvae  are  numerous,  each  enclosed  in  a  thin  transparent 
chamber  and  imbedded  in  the  soft  pithy  tissue  which  fills  the  gall.  It 
occurs  on  Lactuca  canadcnse  and  possibly  on  other  species.  It  was  first 
described  by  Bassett  who  does  not  state  the  source  of  his  material.  It  has 
since  been  reported  from  New  York  and  the  author  has  collected  it  in 
Ohio  and  Delaware.  It  no  doubt  lias  a  very  wide  range  and  always  oc- 
curs on  Lactuca. 

SoLENOZoPHiiRiA  VACciNii  Ashmead. 

Solenozopheria  vaccinii — 

Ashmead,  Trans.  Amer.  Ent.  Soc.  Vol.  XH^  1887.  p.  149. 
Dalla  Torre.  Cat.  Hymen    (Cynipidae)    Vol.   II.   1893.  p.  57. 
Beutenmiiller.  Amer  ]Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  22. 

A  more  or  less  irregular,  usually  reniform  gall  varying  from  i/o  to 
1  inch  in  length,  occasionally  longer  and  may  be  as  much  as  i/^-iuch  in 
diameter.  Green  and  rather  pithy  in  summer,  becoming  brown,  hard  and 
rather  woody  in  winter.  Contains  a  large  number  of  larval  chambers. 
It  occurs  on  the  stems  and  is  restricted  to  one  side,  causing  the  twig  to 
be  so  curved  as  to  occupy  the  concave  surface  of  the  gall.  This  gall  was 
first  described  by  Ashmead  from  collections  on  Florida  material  of  Vac- 
ciniurn  conjmbosiim.  He  also  states  that  he  received  what  appeared  to  be 
the  same  gall  on  V.  pcnnsi/lvanicum  from  Mr.  Wm.  Brodie,  of  Toronto, 
Canada.  It  has  also  been  rejtorted  from  New  York  by  Beutenmiiller.  The 
writer  has  collected  it  in  Delaware  on  1'.  coriimhoKuni.  and  another  unde- 
termined species  of  Vuvcinium.     Collected  in  Indiana  on  V.  corymhosum. 
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TE^'THREDINIDAE. 

PUNXANIA   DESMODIOIDES   Walsll. 

Nematus  salicis  desmodioides — 

Walsh,  Proc.  Eut.  Soc.  Phil.  ^"ol.  VI.  1866.  p.  257. 

Norton,  Trans.  Amer.  Ent.  Soe.  Vol.  I.   1867.  p.  211. 

Dalla  Torre,  Cat.  Hymen.  Vol.  I.  1894.  p.  259. 
Nematus  inquilinus — 

Walsh,  Proc.  Eut.  Soc.  Phil.  Vol.  VI.  1866.  p.  260. 

Norton,  Trans.  Auier.  Ent.  Soc.  Vol.  I.  1867.  p.  213. 

Pro^ancher,  Can.  Nat.  Vol.  X.  1878.  p.  57. 

Provancher,  Fann.  Ent.  Can.  Hymen.  1883.  p.  190. 

Dalla  Torre.  Cat.  Hymen.  Vol.  I.  1894.  p.  230. 
Pontania  inquilina — 

Marlatt.  Proc.  Ent.  Soc.  Wash.  Vol.  III.  1895.  p.  266. 
Pontania  desmodioides— 

Marlatt,  U.  S.  Dept.  Agri.  Div.  Ent.  Tech.  Ser.  3.  p.  40.  1896. 

This  gall  has  heen  recently  described  by  Marlatt  as  follows :  "The 
gall  is  found  on  Salix  humilis.  It  is  smooth,  flattish,  fleshy,  sessile,  yellow- 
ish green,  monothalamous,  semi-circular  in  general  shape  like  the  seed  of 
a  Desmidium  or  the  quarter  of  an  orange.  It  is  about  equally  divided  be- 
tween the  two  surfaces  of  the  leaf;  no  rosy  cheek.  Generally  there  is  but 
one  gall  on  the  leaf ;  one  leaf  was  seen  with  three  upon  it.  Length  0.23  to 
0.50  inch."  It  has  since  been  reported  from  Massachusetts,  New  York, 
Indiana,  Illinois,  Missouri,  and  Canada. 

Pontania  pomum   Walsh. 
Nematus  salicis  pomum — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol,  VI.  1866.  p.  255. 
Norton.  Trans.  Amer.  Ent.  Soc.  Vol.  I.  1867.  p.  216. 
Walsh  and  Riley,  Amer.  Ent.  Yo].  II.  18(59.  pp.  45-49. 
Riley,  9th  Rept.  Ins.  of  Mo.  1877.  p.  20. 
Thomas,  10th  Rept.  Ins.  of  Ills.  1881.  p.  68. 
Provancher.  Nat.  Can.  Vol.  XIII.  1882.  p.  292. 
Provancher.  Can.  Hymen.  1883.  p.  741. 
Cr(>sson,  Syn.  Ilynicii.  Amer.  1887.  i).  157. 
Liutner,  .5th   Rept.   Ins,   of  N.  Y.   1889.   d.    17:5. 
Dalla  Torre.  Cat.  Hymen.  Vol.  1.  1894.  p.  259. 
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Nematus  hospis — 

Walsh.  Proc.  Ent.  Soc.  Pliil.  Vol.  VI.  1866.  p.  261. 

Norton,  Trans.  Auier.  Ent.  Soc.  Vol.  I.  1867.  p.  218. 

Dalla  Torre,  Cat.  Hymen.  Vol.  I.  1894.  p.  229. 
Nematus  pomum — 

Beutenmiiller,  Bull.  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  263. 

Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  23. 

Cook,  Ohio  Nat.  Vol.  IV.  No.  6.  1904.  p.  143. 
Potania  hospes — 

Marlatt.  Proc.  Ent.  Soc.  Wash.  Vol.  III.  189.5.  p.  266. 
Potania  pomum — 

Marlatt,  I'.  S.  Dept.  Agri.  Div.  Ent.   (Tech.  Ser.)   No.  3.  1896.  p.  36. 

This  gall  has  recently  been  described  by  Marlatt  as  follows :  "The 
gall  8.  pomum  found  on  Salix  cordata  and  very  rarely  on  S.  discolor.  A 
smooth,  fleshy,  .^[lobular,  or  slightly  oval  monothalamous  gall,  like  a  minia- 
ture apple,  0.30  to  0.55-ineh  in  diameter,  growing  on  one  side  of  the  mid- 
rib of  a  leaf,  and  extending  to  its  edge  or  beyond  it.  The  principal  part 
of  the  gall  projects  from  the  under  side  of  the  leaf;  very  rarely  it  is 
bisected  by  the  leaf.  Color  greenish  yellow,  sometimes  with  very  rosy 
cheeks,  especially  the  upper  surface,  and  often  with  little  dots."  It  has 
been  reported  from  New  York,  Ohio  and  Illinois.  Mr.  Greene's  specimen 
is  on  S.  discolor  ( ?). 

DIPTERA. 
CECIDOMYIDAE. 

AsPONDYLiA  cospicuA  Osteu  Sackeu. 

Aspondylia  rudhecTciae  conspicua — 

Osten  Sacken,  Trans.  Amer.  Ent.  Soc.  Vol.  III.  1870.  p.  51. 

Beutenmiiller,  Amer.  Mus.  Nat.  Hist.  Vol.  XXIII.  Art.  XVII.  1907,  p. 
387. 

Beutenmiiller,  Bull.  Amer.  Mus.  Nat.  Plist.  Vol.  IV.  No.  1.  1892.  p.  273. 
Aspondylia  conspicua — 

Aldrich,  Cat.  of  N.  A.  Dipt.  1905.  p.  156. 

Bergenstamm  &  Low,  Verb,  Zool.-Bot.  Gesell.  Wien.  Vol.  XXVI.  1876. 
p.  69. 

This  gall  was  first  described  by  Osten  Sacken  as  follows :  "They  were 
in  one  case  nearly  round,  of  the  size  of  a  large  apple;  the  other  was  an 
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aggregation  of  galls  oC  various  sizes,  forming  a  large  excresceuce."'  It  has 
been  reported  from  New  York,  North  t'arolina  and  Ohio.  It  occurs  on 
Rudheckia  triloba  and  R.  laciniatd.  ^Ir.  Greene's  specimen  was  on  R. 
laciniata. 

('ec'idomyia  ('ABY.VE  Osteu  Sacken. 
Diplosis  canjae — 

Osten  Sacken,  Stettin  Entomol.  Zeit.  22.  1S61. 

Osten  Sacken,  Mon.  N.  A.  Dipt.  I.  1S62.  p.  191. 
Cecidomyia  caryae — 

Aldrich,  Cat.  of  N.  A.  Dipt.  1905.  p.  1.".'.). 

This  gall  was  originally  described  by  Osten  Sacken  as  follows :  "Gall 
subglobular,  smooth,  seed-like,  0.05  to  0.1-iuch  in  diameter,  with  a  small 
nipple  at  the  tip.  In  summer  they  are  yellowish-green  and  their  shell  is 
soft ;  in  winter  they  become  brownish,  and  the  shell,  although  thin,  is 
hard  and  woody.  They  begin  to  grow  in  June.  I  gathered  them  in  Octo- 
ber, when  the  larvn  was  full  grown."  He  does  not  state  the  species  of 
Uicoria  on  which  be  collected  his  material.  Mr.  (Jreene's  Indiana  ma- 
terial is  from  H.  alba. 

Cecidomyia  cary'aecola  Osten  Sacken. 
Cecidomyia  caryaecola — 

Osten  Sacken,  Mon.  of  the  Diptera  of  N.  A.  Vt.  I.  18()2.  p.  192. 

Glover  M.  S.  Notes  from  my  Journ.  Dipt,  plate  XI.  tig.  24. 

Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  27. 
"  Smith,  N.  L.  State  Board  of  Agri.  1899. 

Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV.  No.  4,  1904.  p.  27. 

Aldrich,  Oat.  of  N.  A.  Dipt.  1905.  p.  162. 

These  galls  are  pale  green,  elongated,  onion-shaped  with  a  pointed 
tip.  Found  through  the  summer  in  clusters  on  the  under  side  of  the  leaves 
of  the  hickory.  Frequently  associated  with  C  holotricha.  This  gall  has 
been  I'ecorded  from  New  York  and  New  Jersey,  and  I  have  collected  it 
near  Sandusky.  Ohio.  It  is  said  to  occur  on  several  species  of  Hicoria. 
The  Ohio  and  Indiana  material  were  on  H.  alba. 

Cecidomyia    (?)    vernoniae  Beutenmiiller. 
Cecidomyia   (  ?)   vernoniae — 

Beutenmiiller.  Amer.  Mus.   Nat.  Hist.   \o\.   Will.   Ail.   XVil,    1907.   i>. 
389. 
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This  i^all  was  recently  deseribed  by  Reutonniiiller  as  follows:  "Green, 
sometimes  tinged  with  red,  rounded  or  elongated  and  of  the  texture  of  the 
stem  of  the  plant.  Inside  it  is  soft,  fleshy,  and  contains  a  single  larva  in 
an  elongated  narrow  channel.  Length  about  7  to  12  mm. ;  width  5  to 
9  mm." 

"When  dry  the  gall  becomes  brown  and  jiitliy  inside  and  somewhat 
resembles  a  cherry  pit.  It  is  usually  situated  on  the  midrib  of  the  leaf 
of  the  ironweed  {Vernonia  novehoracensis) ." 

Mr.  Beutenmiiller  reports  it  from  Black  Mountains,  N.  C.,  Staten 
Island,  N.  Y.,  and  Indiana ;  the  last  records  being  from  the  writer's  ma- 
terial. I  have  since  collected  it  in  Delaware.  Mr.  Greene's  specimen  is 
on  Vernonia  gigantia. 

Ceciuomyia  salicifoi.ta  Osten  Sacken. 

Cecidomyia  salicifolia— 

Osten  Sacken.  Proc.  Ent.  Soc.  Phil.  Vol.  VI.  p.  220. 

Aldrich,  Cat.  N.  A.  Dipt.  19U5.  p.  1G3. 

This  gall  hears  a  striking  resemblance  to  the  gall  of  Cecidomyia  gledit- 
schiae  O.  S.  The  leaves  are  folded  along  the  midrib,  the  edges  uniting  and 
the  sides  bulging  out,  thus  forming  a  pod  like  structure  which  may  be  i^- 
inch  or  more  in  length. 

This  gall  was  hrst  described  by  Osten  Sacken  from  material  collected 
by  Wm.  Couper  in  Quebec.  He  also  states  that  he  found  a  similar  gall 
at  Nahant  on  Spiraea  tomentosa  and  I  have  received  from  Dr.  L.  M.  Under- 
wood, of  Columbia  University,  what  appears  to  be  the  same  gall  on  S. 
tomentosa.  I  have  collected  what  appears  to  be  the  same  gall  in  Ohio  on 
8.  salicifolia.     Mr.  Greene's  Indiana  material  is  on  iS'.  salicifolia. 

Cf.ciuomyia  viticola  Osten  Sacken. 

Cecidomyia  viticola- — 

Osten  Sacken.  Stettin.  Entomol.  Zeit.  22.  ISCl. 

Osten  Sacken,  Mon.  Dipt,  of  N.  A.  Pt.  I.  lS(i2.  \l  202. 

Williams,  8th  Rpt.  Ent.  Soc.  Out.  1877. 

Saunders,   Ins.  Inj.  to   Fruits.   1888.   ]).   292. 

Beutenmiiller,  Bui.  Amer.  Mus.  Nat.  Hist.  Vol.  1\'.  \o.  1.  1S1)2.  p.  272. 

Smith.  N.'  .J.  State  Board  of  Agri.  1899. 

Beutenmiiller,  Amer.  Mus.  Jour.  \'ol.  IV.  No.  4.  1904.  p.  32. 

Aldrich.  Cat.  of  N.  A.  Dipt.  190"..  p.  104. 
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Cecidomyia  vitis  Htuiis — 

Riley,  5th  Rept.  Nox.  Ins.  of  Mo.  p.  119. 

Riley,  Amer.  Ent.  Vol.  II.  pp.  28  &  113. 

This  gall  maj''  be  either  bright  green  or  crimson  red  in  color  or  any 
variation  between  the  two.  It  is  narrow,  elongated,  conical,  sometimes 
slightly  curved  at  tip  and  about  1-3  inch  in  length  and  usually  on  the  upper 
surface  of  the  leaf  in  great  numbers.  It  occurs  on  many  species  of  Vitis 
and  has  been  reported  from  Ontario,  New  York,  New  Jersey  and  Missouri. 
The  writer  has  also  collected  it  in  Ohio.  Saunders  describes  it  in  his 
Insects  Injurious  to  B'ruits.  So  far  as  I  know  it  does  not  attack  the  culti- 
vated grapes  and  does  not  usually  seriously  injure  the  wild  species.  Riley 
reports  it  as  attacking  V.  cordifoUa,  V.  riparia,  V.  labusca  and  V.  vulpina. 
Mr.  Greene's  Indiana  material  was  on  V.  hicolor. 

Cecidomyia   impatientis   Osteu   Sacken. 
Cecidomyia  impatientis — 

Osten  Sacken,  Mon.  Dipt,  of  N.  A.  Ft.  I.  1802.  p.  204. 

Osten  Sacken,  Amer.  Ent.  Vol.  II.  1881.  p.  (53. 

Glover,  M.  S.  Notes  from  my  Journal.  PI.  XI.  fig.  16. 

Bentenmuller,  Bui.  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  269. 

Smith,  N.  J.  State  Board  Agri.  1899. 

Beutenmiiller,  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  4.  1904.  p.  30. 

Cook,  Ohio  Naturalist.  Vol.  IV.  No.  6.  1904.  p.  140. 

Aldrich,  Cat.  N.  A.  Dipt.  1905.  p.  102. 

A  spherical,  green,  semi-transparent,  succulent  swelling  at  the  base  of 
the  flower  or  leaf  and  containing  one  or  more  larval  chambers  Sometimes 
two  or  more  galls  unite  forming  a  compound  structure.  Usually  scarce. 
Has  been  reported  from  New  "iork,  New  .Jersey  and  Ohio,  and  the  writer 
has  recently  collected  it  in  Delaware.  Mr.  (4reene's  material  was  on  Im- 
patiens  biflora  and  the  Delaware  record  is  for  /.  aurea. 

Cecidomyia  monardae  Rrodie. 
Cecidomyia  monardae — 

Brodie,  Biol.  Rev.  of  Out.  I.  1894.  pp.  109-111. 

Aldrich,  Cat.  N.  A.  Dipt.  1905.  p.  162. 

Mr.  Greene's  specimen  answers  the  description  of  Brodie's  species 
which  so  far  as  I  know  has  not  been  reported  since  Brodie's  original  de- 
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striptiun.  Brodic's  description  is;  ;is  follows:  "Tlie  stalls  api)ear  lilve  swell- 
ings on  tlie  flowerins;  Inunclies  ot  Monardu  fiatidosa,  from  10  to  22  mm. 
long,  nsnally  a  little  curved  and  retaining  the  quadranglar  form  of  the 
branch.  The  average  of  the  side  of  the  square  of  2U  of  the  largest  was 
8  mm.,  and  of  the  branches  below  the  galls  1.5  mm." 

'■'J'his  gall  is  nsuallj'  found  on  plants  growing  in  open  woods,  it  is 
very  rare  on  robust  plants  irrowing  on  exposed  situations." 

"Tlie  walls  of  the  gall  are  hard  and  woody  but  thin;  the  interior  is 
a  .soft,  pith-like  substance,  through  which  the  larva  tunnels  freely,  and 
on  which  it  feeds.'" 

Cecidomyia  ekegerontis  Brodie   (?) 
Di/plosis  eregcroni — 

Brodie,  Biol.  Rev.  of  Out.  Vol.  I.  No.  1.  p.  13. 
Cecidomyia  eregerontis — 

Aldrich,  Cat.  of  N.  A.  Diptera.  1905.  p.  1(>2. 

This  gall  was  described  by  Brodie  as  follows:  "Variously  situated 
from  base  of  stem  to  tijjs  of  branches  of  flowering  panicle;  galls  irregu- 
larly cylindrical,  tajiering  at  both  ends,  spindle-form,  those  on  the  branches 
more  or  less  spherical ;  from  1  to  15  galls  on  a  plant,  seldom  more  than 
10 ;  found  usually  on  diminutive  plants  such  as  grow  on  wet,  sandy  places 
or  on  high  dry  banks." 

"As  yet  I  have  not  found  these  galls  on  robust  plants." 

"The  galls  appear  like  swellings  of  the  stem  or  branches,  uniform  in 
color  with  the  plant,  the  surface  with  feint  longitudinal  lines,  slightly  ele- 
vated ridges  and  ragged  transverse  elevations,  resembling  leaf  scars." 

So  far  as  I  am  able  to  determine  this  gall  has  not  been  reported  since 
the  original  description,  but  during  the  past  summer  I  collected  what  ap- 
pears to  be  the  .same  gall  at  Lewes,  Delaware.  All  collections  to  date 
have  been  on  Erif/cron  cavadenfie. 

TKYPETIDAE. 

Oedaspis   GiBBA   Loew. 
Trypeta  gibha — 

Osten   Sacken,   Psyche.   Vol.   III.   No.   72.    1880.   p.  .5H 
[7—18192] 
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Ocdaspis  gihha — 

Loew.  Moil,  of  N.  A.  Dipt.  Vol.  III.  p.  2(50. 

Aldrich,  Cat  of  the  N.  A.  Dipt.  ]!Xiri.  p.  00(5. 

The  detonriiiiatiou  of  tliis  icall  is  uiicci-taiii.  but  it  is  i>rubal)ly  Osteii 
Sackeii's  T.  gihJni.  wliicli  was  described  from  material  collected  by  Mr. 
J.  Boll,  Dallas,  Texas,  on  Ambrosia  sp.  Osteii  Sackeu's  de.scriptioii  is  very 
short  and  as  follows:  "Tlie  gall  is  an  obloug  swelling  of  the  stem.  i>rob- 
ably  terminal."     Mv.  (Jreene's  Indiana  s]ic(iinen  was  on  .1.  trifida. 

HEMIPTERIA. 

APHIDAE. 

I'UYi.LoxKKA  DKi'LANATA  Pergaiide. 
riiyUoxcra  deplanata — 

Pergande,  North  American  L'liylloxerinae.  I!t04.  p.  205. 

This  gali  has  been  reported  from  the  D.  ( ".  by  Pergande,  who  states 
that  it  is  very  similar  to  J',  semen  Walsh.  He  describes  it  as  follows: 
"The  leaves  of  some  of  the  smaller  trees  are  often  literally  covered  with 
the  galls  of  <h t)lanata  which  then  produce  a  sickly,  yellowish  and  crumpled 
appearance  thereof.  By  the  end  of  June  the  galls  are  deserted,  browu  and 
dry,  or  else  have  completely  decayed,  leaving  innumerable  holes  in  the 
aflrected  leaves,  seriously  affecting  the  health  of  the  tree.  When  but  few 
days  old  (first  week  in  May)  these  galls  resemble  minute  yellow  specks." 

"The  transverse  diameter  of  the  mature  galls  varies  from  1  to  5  mm.; 
height  about  1  mm.;  \valls  rather  thin  above  and  beneath  and  semi-trans- 
parent. T'pper  surface  projecting  but  little  above  the  plane  of  the  leaf, 
convex,  usually  with  a  shallow  fovea:  frequently  not  central  and  occa- 
sionally with  a  slight  central  elevation.  Tender  side  more  strongly  con- 
vex, sometimes  almost  conical,  the  nipple  usually  more  or  less  flattened 
and  generally  leaning  to  one  side,  as  if  pressed  down  when  young;  with 
the  orifice  usually  oval,  though  sometimes  more  or  less  rounded,  and 
which  before  maturity  is  ]ierfectly  closed  and  densely  fringed  with  short 
pale  hairs.  Color  above  either  reddish  with  depression  yellowish,  or  al- 
most entirely  greenish-yellow:  below  ])urplish,  or  dull  greenish-yellow. 
Many  of  the  galls  are  conjoint,  i.  e.,  contains  from  2  to  (>  or  more  stem 
mothers,  logerber  with  a  largo  number  of  eggs  and  sexual  individuals, 
the  cavity  being  comjiletely  crowded." 

Pergande  rejmrts  lliis  gall  on  Hintria  lomrnto.sa.  Mr.  Greene's  sped- 
men  was  on  //.  iillxt. 
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A  Peobable  Origin  of  the  Small  Mounds  of  the  Lower 
Mississippi  and  Texas  Coast. 

Albert  B.  Reagan. 


Noting  several  articles  "Ou  the  Origiu  of  the  Small  Mounds  of  tlic 
liOwer  Mississippi  and  Texas.'"  in  Science  Vol.  XXIII  (Mr.  P.  .1.  Farns- 
worth,  pp.  583-4;  A.  C.  Veateh.  p.  35;  Irving  H.  Wentworth,  p.  819),  leads 
me  to  make  a  few  suggestions  on  the  subject.  In  the  region  mentioned 
these  mounds  are  very  numerous,  too  numerous,  it  seems,  to  be  Indian 
mounds,  except  the  class  of  mounds  mentioned  by  Mr.  Irving  II.  Went- 
worth. 

The  mounds  mentioned  by  Mr.  Wentworth  are,  no  doubt,  of  Indian 
origin.  While  with  the  Apache  Indians  some  year.s  ago,  the  writer  saw 
several  mounds  of  this  tyjie  constructed.  All  these  were  erected  not  as 
places  for  sacrifice  or  any  ceremonies  of  that  sort,  but  as  places  lor  cook- 
ing the  tuber-root  of  the  Af/arc  americaiin.  In  this  cooking  process,  a 
shallow  pit  is  first  dug  and  lined  with  cobble-stones.  A  fire  is  then  built 
in  it  and  kept  burning  till  the  rocks  are  at  white  heat.  Wet  twigs  (or 
grass)  are  then  placed  in  a  thick  layer  over  the  live  coals  and  rocks.  On 
these  the  Agave  tubers,  a  wagon  load  or  more,  are  quickly  i)iled.  and  over 
these,  after  they  have  been  covered  with  twigs  or  gr;iss,  a  thick  layer 
of  cobble-stones  are  piled.  All  then  is  covered  with  wood,  which  is  ig- 
nited and  kept  burning  for  about  twelve  liours,  while  the  Indians  dance 
around  it.  When  the  rocks  are  sutticiently  cool,  after  the  fire  has  been 
let  die  down,  the  toj)  is  removed  and  the  cooked  tubers  taken  out  of  this 
peculiar  oven,  packed  in  baskets,  and  taken  to  the  distant  "tepees,"  leav- 
ing the  rockpile  with  an  elliptical,  practically  flsit  top.  Probably  the 
mounds  mentioned  above  W(>ve  constructed  for  the  same  or  for  similar 
purposes. 

Concerning  the  other  niduuds  of  the  region,  may  they  not  be  due  to 
mudlumi>  fonyation  in  a  former  geological  epoch? 

In  an  article  on  "The  Exceptional  Nature  and  Genesis  of  the  Missis- 
sippi Delta."  K.  W\  Hilgard  states  (Science,  Vol.  XXIV,  pp.  861-866)  that 
"iiiudlumps  are  now  being  upheaved  in   the  channel  of  the  lower  Missis- 
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sippi,"  that  "niudlunip  formation  is  at  present  tlie  normal  mode  of  pro- 
gression of  the  visible  delta  into  the  gulf,  the  principal  mudlumps  rising 
immediately  inside  the  bar,  where  the  current  excavates  the  river  bed  so 
as  to  relieve  the  superincumbent  pressure."  As  to  tlie  origin  of  these  mud- 
lumps.  Prof.  Hilgard  further  states  in  substance  (loc.  cit.)  that  "in  the 
Mississippi  delta  region  there  is  an  impervious  blue  clay  bottom  reaching 
out  into  the  gulf  for  about  twenty-eight  miles  beyond  the  present  mouths 
of  the  river,"  that  "superimposed  on  this  is  a  semi-fluid  blue  clay  stratum," 
and  that  "over  this  in  the  swamp-delta  areas  are  deix)Sited  sandy  bar 
material  much  faster  than  the  former  can  escape  to  seaward  under  pres- 
sure. Consequently,  wherever  the  river  removes  the  superincumbent  sandy, 
gravelly  deposits,  the  pressure  on  the  areas  adjacent  forces  the  semi-fluid 
clay  to  the  surface  in  the  form  of  mudlumps.  Escaping  gases  also  seem 
to  aid  in  this  mudlump  formation." 

Now  the  mounds  of  the  lower  Mississippi-Texas  region  are  not  likely 
identical  with  those  of  the  delta  proper  in  formation ;  lint  may  they  not 
have  been  made  in  a  similar  manner;  that  is,  on  the  principle  of  "creeps"? 
If  on  an  impervious  bottom  at  the  time  the  region  in  question  was  being 
formed,  there  was  a  semi-fluid  layer  reaching  any  distance  inland,  as  the 
shore  line  advanced  or  receded,  and  this  was  being  covered  with  another 
layer  faster  than  it  could  creep  seaward,  whether  the  superficial  layer 
was  brought  tliereby  wind  or  water,  mudlumps  would  certainly  have  been 
pushed  up  in  all  the  sjwts  where  the  latter  layer  was  thin  or  wanting. 
'I'lu'se,  when  dried,  would  become  mounds. 
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Some  Peculiaeities  in  the  Valley  Ekosion  of  Big  Creek 
AND  Tributaries. 


Glenn  Culbertson. 


Big  creek  and  tributaries  in  Jefferson  county,  Indiana,  present  some 
interesting  features  in  their  erosive  worl<.  The  most  striliiug  of  these, 
presented  by  a  map  of  the  stream  and  its  affluents  are,  on  the  one  hand, 
their  almost  uniform  flow  in  a  westerly  direction,  or,  on  the  other  hand, 
in  a  course  almost  at  right  angles  with  those  flowing  westward. 

These  characters  are  clearly  shown  in  the  northerly  courses  of  Lewis 
and  Little  creeks,  while  their  tributaries  flow  in  a  westerly  direction.  The 
same  is  true  of  Big  creek  and  its  other  tributaries,  as  may  be  seen  in  the 
central  and  northern  parts  of  the  map.  Clifty  creek,  a  smaller  stream 
emptying  into  the  Ohio  just  below  Madison,  has  the  same  peculiarities,  as 
has  also  the  upper  portion  of  the  West  Fork  of  Indian  Ken.'ucky  creek.  In 
these  eases  the  main  stream  flows  south,  while  the  tributaries  enter  from 
the  east  and  northeast. 

Another  interesting  feature  so  noticeable  in  certain  parts  of  Big 
creek  and  its  larger  tributaries,  where  the  flow  is  either  northerly  or 
southerly,  is  their  remarkably  meandering  courses.  We  have  been  taught 
that  meanders  have  been  found  almost  exclusively  in  streams  of  gentle 
slope  and  with  banks  of  alluvial  soil.  Both  of  these  characteristics  are 
entirely  wanting  in  the  valleys  here  referred  to.  In  the  case  of  several 
of  the  meanders  the  stream  after  flowing  from  one  to  two  miles  around 
a  curve,  returns  to  within  a  vex'y  short  distance  of  the  starting  point. 
The  banks  of  the  stream,  as  well  as  the  sides  of  the  valley,  where  the 
meanders  are  prominent,  are  almost  perpendicular  cliffs  on  the  convex 
side.  These  cliffs  reach  the  height  of  lOo  to  150  feet  in  the  lower  portions 
of  the  stream.  The  concave  side  of  the  meanders  have  gentle  slopes  from 
one-fourth  to  one-half  a  mile  in  length. 

The  peculiarities  in  the  v.alley  erosion  of  these  streams  is  largely  due 
to  the  structure  of  the  rocks.  The  rock  strata  of  this  region  dip  gently 
towards  the  west  and   southwest.     The  amount  of  this  dip  in  the  more 
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eastern  parts  of  the  county  is  not  more  than  ten  or  twelve  feet  to  the 
mile,  but  it  increases  to  fifteen  feet  or  more  in  the  western  part  of  the 
county. 

The  streams  flowing  into  tlie  Ohio  directly  have  had  to  erode  their 
valleys  through  the  very  resistant  upper  Hudson,  Clinton  and  Niagara  lime- 
stones. Consenueutly  their  courses  are  short  and  gradients  very  steep. 
The  Wabash-Ohio  divide  in  this  part  of  Jefferson  county  is  in  places  but 
one  or  two  miles  from  the  Ohio  river,  and  at  a  comparatively  short  dis- 
tance from  the  outcropping  edges  of  the  resistant  limestone  formations 
mentioned  above. 

Big  creek  and  tributaries  have  not  yet  succeeded  in  lowering  their 
beds  to  these  resistant  rocks,  except  in  a  very  few  places.  Their  erosive 
work  has  been  in  the  softer  corniferous  limestones  and  New  Albany  black 
shale  of  the  Devonian  formations.  The  stream  beds,  in  general,  follow  the 
dij)  of  the  rocks.  In  places  the  bed  of  the  stream  is  upon  the  same  layer 
of  rock  for  hmg  distances.  Excellent  examples  of  this  may  be  found 
in  the  bed  of  Harberfs  creek,  between  A'olga  and  i^myrna  church,  as  well 
as  along  parts  of  Middle  B'ork  and  Big  creek.  The  dip  of  the  rock  strata 
has  had  nmch  to  do  with  the  long,  gently  sloping  streams  flowing  west- 
ward. 

The  tributaries  that  flow  in  an  easterly  direction  and  against  the  dip 
are  very  short  and  their  gradients  very  high.  In  many  of  them  the  water 
pours  into  the  main  valleys  over  falls  located  but  a  few  hundred  feet  from 
the  main  stream.  In  one  case  an  underground  stream  pours  forth  from  the 
face  of  a  cliff  into  the  principal  stream.  1  he  easterly  flowing  tributaries 
eroding  their  beds  largely  or  entirely  in  the  black  shale  have  cut  some- 
what longer  courses  than  those  in  the  limestone,  but  in  no  case  do  they 
even  approximate  the  length  of  the  westward  flowing  tributaries. 

The  meanders  of  these  streams  are  in  all  ]irobability  a  consequence 
of  the  variable  resistance  of  the  rocks  folhnved  by  maximum  erosion  on 
the  convex  side  of  streams.  They  are  probably  consequent  on  the  slope 
of  the  original  land  surface,  although  they  may  have  been  somewhat 
modified  by  the  thin  mantle  left  by  the  glaciers. 
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.1.1. 

Big  Creek. 

2. 

Lewis  Creek. 

3. 

Harbart's  Creek 

4. 

Middle  Fork. 

5. 

Little  Creek. 

6. 

Clifty  Creek. 
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Kt^ecteota'tic   I'koduction  (f  Selenic  Acid  i-'rom 
Lead  Selenate. 


F.  C.  Mathers. 


Meutzer*  has  shown  that  the  electrolysis  ot  a  solution  of  copper  sel- 
euate  results  in  the  deposition  of  metallic  copper  upon  the  cathode  and 
the  formation  of  selenic  acid  in  the  solution.  To  obtain  pure  selenic  acid 
the  copper  selenate  must  first  be  carefully  purified  by  recrystallizing  be- 
fore electrolysis.  In  the  experiments  that  are  described  in  this  paper, 
lead  selenate  was  used  as  the  salt  to  he  electrolysed  on  account  of  the 
ease  with  which  it  could  be  prepared  and  purified. 

Selenic  acid  was  first  prepared  by  oxidizing  selenium  dioxide  in  a 
nitric  acid  solution  with  potassium  permanganate.  After  the  precipitate 
of  manganese  dioxide  had  been  removed  by  filtration,  the  selenic  acid  in 
the  filtrate  was  precipitated  as  lead  selenate  by  the  addition  of  lead  nit- 
rate. Lead  selenate  is  very  insoluble  in  water  and  so  can  be  filtered  and 
easily  washed  free  from  the  other  salts  in  tlie  solution. 

For  electrolysis,  the  lead  selenate  was  placed  in  a  platinum  dish  that 
was  filled  with  water.  The  i)latinum  dish  was  used  as  the  cathode  and 
a  platinum  wire  coil  was  used  as  the  anode.  The  resistance  of  the  solu- 
tion was  very  high  at  first,  but  it  rapidly  dropped  as  the  electrolysis  pro- 
ceeded and  the  free  selenic  acid  was  formed. 

To  determine  the  amount  of  selenic  acid  that  was  formed  during  an 
exiierimeut,  the  electrolyte  was  filtered  and  the  acid  in  the  filtrate  was 
titrated  with  standard  sodium  hydroxide  solution. 

The  current  yield  was  best  with  low  current  density  at  the  cathode, 
hot  solution,  and  a  large  quantity  of  lead  selenate  upon  the  cathode,  and 
decreased  by  the  addition  of  powdered  lead  to  the  lead  selenate.  An  in- 
crease in  the  volume  of  the  solution  or  the  use  of  a  mercury  cathode  were 
without  effect.  The  current  yields  were  quite  low — tin'  niaxinnim  being 
about  12%. 


♦Mentzer.  Conipt.  Rend.,  127.  54  (1898). 
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The  per  cent,  yield  of  selenic  acid  from  the  lead  selenate  was  best 
with  room  temperature,  thin  layers  of  lead  selenate  upon  the  cathode,  and 
occasional  stirring.  0.3  gm.  of  lead  selenate  when  electrolysed  with  a  cur- 
rent density  of  0.3  amperes  per  sq.  dec.  gave  a  yield  of  95.4%  of  the  theo- 
retical value.  Under  the  same  conditions  3  gms.  of  lead  selenate  gave  a 
yield  of  78.3%. 

University  of  Indiana.  Nov.,  1907. 
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Result  of  Heating  a  Mixtuke  of  Ammonium  Nitrate  and 
Manganese  Dioxide. 


Jamks  H.  Ransom. 


Practically  all  the  work  on  catalysis,  in  which  the  oxides  of  the  metals 
were  the  catalytic  agents,  has  been  undertaken  with  those  substances  which 
on  heating  decompose  with  the  evolution  of  oxygen.  It  has  been  thought 
by  some  of  those  who  have  given  the  subject  careful  investigation  that, 
in  the  case  of  manganese  dioxide,  at  least,  the  reaction  is  one  of  alternate 
oxidation  and  reduction  of  the  catalytic  agent.  The  arguments  are  not 
conclusive,  however,  so  that  the  question  whether  the  manganese  dioxide 
acts  as  a  simple  contact  agent  or  takes  a  chemical  part  in  the  reaction 
remains  unanswered. 

It  occurred  to  the  writer  to  try  the  effect  of  catalytic  agents  on  sub- 
stances which,  on  heating,  decompose  without  the  formation  of  oxygen. 
It  was  thought  that  if  the  catalytic  agent  acted  simply  as  a  contact  agent 
the  temperature  of  decomposition  would  be  lowered  but  the  products 
would  be  the  same  as  when  the  substance  was  heated  alone ;  but  if  the 
action  were  chemical  the  products  would  be  different,  perhaps  more  or 
less  oxidized  than  when  the  substance  was  heated  by  itself.  It  was  rec- 
ognized, however,  that  if  the  action  followwl  the  latter  supposition  it 
would  not  of  necessity  demonstrate  that  all  so-called  cases  of  catalysis  were 
chemical.  Among  the  substances  easily  available  for  such  an  experiment 
is  jimmonium  nitrate,  which,  as  is  well  known,  decomposes  quite  smoothly 
into  nitrous  oxide  and  water.    The  tpmj)erMtur(^  of  deconipositic^n  is  205°. 

At  my  suggestion,  therefore  Mr.  O.  C.  Ilnworth.  who  was  then  study- 
ing the  effect  of  various  catalytir  agents,  ui)(lertoi>k  the  preliminary  in- 
vestigation of  the  effect  of  heating  anunoniuni  nitrate  in  the  presence  of 
different  oxides,  among  them  being  manganese  dioxide.  He  established  the 
facts  that  the  decomposition  takes  place  at  .-i  lower  temperature  than 
when  the  nitrate  is  heated  alo)ie;  that  little  if  any  oxygen  or  nitrous  oxide 
is  |)roduced ;  that  the  gas  evolved  is  nitrogen. 
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On  consult iujr  the  literature  it  was  fouud  tliat  iu  1877  Gatehouse  pub- 
lished a  short  note  in  the  Chemical  News  giving  the  results  of  an  experi- 
ment on  heating  a  mixture  of  these  substances.  He  observed  that  the  gas 
was  nitrogen,  and  from  its  volume  he  developed  an  equation  to  explain  the 
reaction.  According  to  him  each  molecule  of  the  oxide  reacts  with  four 
molecules  of  the  nitrate ;  producing  six  atoms  of  nitrogen  and  a  molecule 
of  manganese  nitrate.  The  presence  of  the  last  substance  he  does  not 
seem  to  have  confirmed ;  and  as  the  temperature  to  which  he  heated  the 
mixture  was  above  that  at  which  manganese  nitrate  decomposes  it  ap- 
peared doubtful  that  the  final  products  were  as  he  thought.  The  work  be- 
gun by  Mr.  Haworth  has  been  continued  by  the  writer  and  the  nature  of 
the  reaction  mside  more  nearly  complete. 

In  our  earlier  experiments  some  difficulties  were  encountered  and 
some  fa<'ts  observed  which  modified  the  procedure  in  the  later  work.  First, 
it  was  fouud  most  difficult  so  to  regulate  the  temperature  that  the  reac- 
tion would  go  smoothly  and  iu  one  direction.  The  action  would  proceed 
at  about  200°  until  nearly  one-half  of  the  gas  had  been  evolved,  and  then 
suddenly  without  apparent  cause  the  thermometer  would  suddenly  mount 
to  300°  or  more  and  brown  gases  be  evolved  in  such  quantities  that  the 
stopper  and  connections  would  be  forced  out  with  explosive  violence.  It 
was  thought  at  first  that  manganese  nitrate  was  being  formed  in  the 
earlier  stage  of  the  reaction  aud  later  was  decomposing  with  evolution  of 
heat :  but  experiments  with  this  substance  showed  that  it  decomposed  in  a 
regular  manner  between  130°  and  185°.  Rut  by  heating  for  a  time  to 
210°-220°  and  then  cooling  to  170"  as  the  action  proceeded  it  was  found 
possible  to  regulate  the  decomposition  and  get  consistent  results. 

It  was  also  noted  that  after  extracting  the  residue  to  determine  the 
amount  of  soluble  material  the  aqueous  solution  was  very  strongly  acid 
with  what  appeared  to  be  a  nitrogen  acid.  The  residue  left  on  evaporation 
consisted  of  unchanged  ammonium  nitrate,  and  at  times  of  a  trace  of  a 
manganese  compound. 

In  the  succeeding  experiments  the  ai)paratus  was  so  modified  that  the 
gases  could  be  i)assed  through  water  to  absorb  the  acid,  and  then  collected 
in  a  large  gas  burette  made  with  litre  cylinders  and  filled  with  dilute 
alkali.  About  equal  weights  of  ammonium  nitrate  and  manganese  dioxide 
were  placed  in  a  distilling  flask  connected  with  the  acid  absorbing  bottle 
and  the  air  in  the  apjiaratus  replaced  with  nitrogen.  The  mixture  was 
heated  to   170°   and  then  connected  to  the  gas  burette.     Afterwards  the 
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temperature  was  raised  to  between  220°  and  230°  aud  maintained  ttiere 
until  tlie  gas  was  about  one-lialf  evolved.  The  temperature  was  then 
lowered  to  170°  and  kept  there  until  the  action  was  nearly  complete,  when 
it  was  again  raised  to  230°  as  long  as  a  gas  was  being  evolved.  Finally 
it  was  cooled  to  170°  and  the  burette  disconnected.  Any  oxygen  in  the 
burette  was  absorbed  by  pyrogallate  (usually  a  small  amount)  and  the 
nitrogen  measured.  Nitrogen  was  passed  through  the  generator  to  sweep 
any  acid  vapors  into  the  water,  and  the  amount  of  acid  determined  by 
titrating  against  standard  alkali.  The  residue  was  extracted  several  times 
with  boiling  water  and  the  water  evaporated  in  a  platinum  basin.  The 
small  amount  of  solid  found  on  evaporation  consisted  mostly  of  unchanged 
ammonium  nitrate. 

In  three  closely  agreeing  experiments  carried  out  as  described  the 
following  figures  were  obtained : 

1.  2.0079  gms.  ammonium  nitrate  gave  500.5  cc.  (corr.)  (=0.G286 
gms.)  free  nitrogen,  and  0.7352  gms.  acid  (calculated  as  nitric). 

2.  2.8955  gms.  ammonium  nitrate  gave  635.6  cc.  (corr.)  (=0.7988 
gms.)  free  nitrogen  and  0.9998  gms.  acid. 

3.  3.8527  gms.  ammonium  nitrate  gave  820  cc.  (corr.)  (=1.025  gms.) 
free  nitrogen  and  1.1000  gms.  acid. 

In  these  experiments  the  average  ratio  of  free  nitrogen  to  acid  is 
1 :1.15.  This  ratio  approaches  very  nearly  to  that  for  two  molecules  of 
nitrogen  to  one  of  the  acid,  viz.,  1:1.125.  The  equation  which  best  corre- 
sponds to  this  ratio  is  as  follows : 

5  NH,N03=2HN03+4N,+9H,0. 

Reiset  and  Mellon  have  shown  (Journ.  fur  Practische  Chemie,  29-365) 
that  when  ammonium  nitrate  is  mixed  with  platinum  sponge  and  heated, 
decomposition  begins  at  160°  and  that  the  products  are  nitrogen  and  nitric 
acid.  The  equation  by  which  they  express  the  reaction  is  identical  with 
that  given  above.  It  is  unlikely  that  the  platinum  enters  into  the  reac- 
tion, though  it  is  stated  that  an  insoluble  platinum  compound  is  produced. 
I  have  not  been  able  to  confirm  this  latter  statement.  If  the  platinum  does 
not  enter  into  the  reaction,  but  acts  as  a  true  contact  agent,  then  there 
seems  no  reason  for  believing  that  the  manganese  dioxide,  in  this  reaction 
at  least,  acts  in  a  chemical  way. 

It  is  possible  that  an  intermediate  product  containing  manganese  may 
be  Isolated;  and  this  will  l>e  the  object  of  further  research. 
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TffE  Mathematics  of  Haul. 


H.  O.  Gab  MAN. 


Haul  or  the  average  rlistance  earth  is  moved  when  taken  from  exca- 
vation and  placed  in  embankment  has  been  the  source  of  much  discussion 
at  different  times  for  many  years.  For  a  review  of  the  literature  on  the 
subject,  "Overhaul,"  the  writer  will  call  attention  to  the  "Proceedings  of 
the  American  Eailwa.v  Engineering  and  Maintenance  of  Way  Associa- 
tion," for  1906,  vol.  7,  pages  357  to  428.  Among  the  contributors  to  the 
subject  will  be  found  Italians,  French  and  Germans,  but  it  seemed  to 
excite  more  interest  among  our  American  engineers. 

The  methematics  of  haul  deals,  of  course,  with  the  methods  of  com- 
puting haul  and  overhaul,  but  it  is  the  purix)se  here  to  discuss  more  par- 
ticularly the  means  for  locating  the  center  of  mass.  These  centers  of  mass 
may  be  located  by  any  one  of  four  methods,  two  algebraic  and  two  graph- 
ical. All  four  methods  for  locating  the  center  of  mass  fail  completely 
for  the  volumes  adjoining  the  grade  point  unless  several  extra  interme- 
diate sections  are  taken. 

In  all  tlie  calculations  a  close  rapid  approximation  was  used  at  these 
points 


"""^V 


When  the  ground  was  a  plane  surface,  the  v(jlume  next  the  grade  point 
was  assumed  at  least  a  wedge,  and  the  center  of  gravity  then  taken  i 
the  length  of  tlie  wedge  from  its  base.  When  the  ground  was  a  parabola 
in  longitudinal  section,  the  center  of  gravity  was  taken  §  of  the  length 
between  section  and  grade  point  from  the  section. 

The  four  methods  of  computation  were  carried  on  under  the  condi- 
tions of  the  three  general  types  of  profile,  i.  e. : 
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Oroond 


Case  I,  all  four  methcxls  of  computing  haul  agree  perfectly. 


Case   II.     Under   this  condition  the  four  methods  of  computing  haul 
give  their  widest   vnrinnee. 


Ill 


The  al)()\v  fiinu'e  is  Cnse  III,  and  shows  the  airouud  a  porabola  in  lou.t,'i- 
tudinal  section.  This  ease  most  nearly  coincides  with  tlie  aetnal  condi- 
tions, for  lianl.  of  any  f)f  the  three  cases,  and  any  variance  discovered  here 
in  tlie  resnlts  of  the  fonr  nietliods  are  about  wliat  would  occur  in  actual 
practice,  whik   those  discovered  under  Case  II  are  limiting  values. 

It  being  tlie  object  of  the  writer  to  discover  the  greatest  variance  that 
could  occur,  thus  obtaining  limiting  values,  most  of  the  computations  were 
under  ("ase  II.  with  a  few  test  investigations  under  Case  III,  to  obtain 
values  that  would  be  encountered  more  often  in  practice. 

Method  No.  1  depends  njion  the  general  form  that  the  center  of  grav- 
ity of  individual  prismoids  is  located  a  distance  froui  the  mid-section  to- 
ward the  larger  section  a  distance 


I  A 


.V 

—  and  Haul 


^        f.  A  -  A' 
For  all  i)ractical  purposes  it  is  exact. 


i  Moments 
^Volumes. 
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INIethod  No.  2  depends  upon  tlie  general  form  that  the  center  of  grav- 
ity of  each  individual  prismoid  is  located  in  from  one  end  a  distance 
equal  to 

A 

X     =1 ; 

A'        A  +  A' 
That  is  to  say.  it  is  located  inversely  proportional  to  the  end  areas,  and 

SMoments 
Haul  — 


SVolumes. 


It  gi\es  results  always  in  favor  of  the  contractor  and  on  very  short 
hauls  is  rarely  in  error  to  exceed  say  3.0  per  cent,  and  on  long  hauls  rarely 
if  every  exceeds  0.5  per  cent. 

Method  No.  ;'.  depends  upon  the  general  proposition  that  the  position 
of  half  mass  ]ioint  is  approximately  the  position  of  the  center  of  mass 
and  graphically  looks  like  ligure  helow. 


Haul  equals  the  mean  length  of  the  two  sides  of  the  given  tropezoid 
and  the  pay  haul  equals  the  aera  of  the  tropezoid.  This  method  gives  re- 
sults always  in  favor  of  the  contractor  and  on  very  short  hauls  is  rarely 
in  error  to  exceed  say  4.0  per  cent.,  and  on  long  hauls  rarely  in  error  to 
exceed  say  6.0  per  cent. 

Method  No.  4,  the  last  one  treated  in  this  report,  depends  for  its  re- 
sults upon  the  area  of  the  mass  diagram. 
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HOUt 


The  pay  haul  is  equal  to  the  area  of  the  rectangle  which  has  for  its 
base  the  haul,  and  itP  altitude  the  total  yardage  or  maximum  ordinate, 
the  product  of  the  two  being  also  the  area  of  the  mass  diagram. 

If  the  points  are  connected  by  a  curved  line  it  will  give  practically 
the  true  result,  but  if  the  points  of  the  diagram  are  connected  by  straight 
lines  as  is  recommended  by  most  engineers,  and  as  was  done  here,  it  gives 
values  always  against  the  contractor;  on  short  haul  being  in  error  as 
high  as  6  per  cent.,  and  on  long  haul  about  1.0  per  cent. 


Final  summary  in  tabular  form : 


Method. 

Max.  Error  in  i. 

Number.              [General  Form. 

i 

Center  of  Gravity 

of  Individual 

Prismoid. 

Short  Haul.    '    Long  Haul. 

1 

SM 
No.  1.                   Haul  = 

1  A-A' 

Correct 
(Practically). 

2V 

6  A  +  A' 

(Practically). 

No.  2. 

2M 

Haul  =  — 

2V 

A 
X     =1 

A-       A+A' 

+  3 

+  0.5 

No.  3. 

Haul  =  Lengrth   of  chord 
through  middle  of  Maxi- 
mum ordinate. 

+  4 

+  6 

„     .     1  „      '     Total  Area  Diagram 

No.  4.    .  Haul  = 

1                     Total  Yardage 

—  6 

—  1 

[8- 

-181921 
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Fauna  of  the  Plokena  Shale  of  the  Gkand  Summit  Sec- 
tion   OF    Kansas^    and    Remarks    on    the    Develop- 
ment OF  Derbya  Multistbiata  Meek  and  Hayden. 


F.  C.  Greene. 


The  Graucl  Summit  section  of  Cowley  county,  Kansas,  lias  been  fa- 
mous as  one  of  the  classic  collecting  grounds  of  Kansas  and  many  large 
collections  have  been  made  there.  It  could  probably  be  classed  as  Permo- 
Carboniferous,  very  near  the  base  of  the  Permian.  The  region  was  first 
studied  by  Broadh^^ad  in  1882  and  the  account  published  in  1883  or  1884. 
He  says,  "We  now  come  to  speak  of  the  'Permian'  or  limestones  of  the 
'Flint  Hills,"  reaching,  in  Elk,  (4reenwood  and  the  eastern  half  of  Butler 
and  Cowley  counties,  from  1185  to  1700  feet  aboA-e  the  sea,  including  about 
500  feet  thickness."* 

Only  the  top  iiart  of  Broadhead's  section  concerns  us.  Numbering  from 
top  down,  it  is  as  follows  :t 

1.  134  feet,  including  beds  of  impure  drab  limestone,  shaly  and 
crumbling,  with  occasional  shale  beds,  with  red  shales  30  feet  from  bot- 
tom. 

'2.  5  feet  of  bluish-drab  or  drab  limestone  containing  many  good  char- 
acteristic fossils,  including  Eumicrotis  hawni,  Myalina  perattenuata,  Avi- 
culopecten  occidentalis,  etc.  (This  bed  is  persistent  wherever  its  associated 
strata  are  found.) 

3.  10  feet  of  shales,  the  lower  red. 

4.  10  feet  of  rough  limestone. 

5.  27  feet  of  shales  with  thin  shaly  limestone  beds. 

6.  4  feet  of  fiag-like   limestone ;    a   good  building  stone. 

7.  8  feet  of  shelly  buff  magnesian  limestone. 
.    8.       4  feet  of  shaly  Fusulina  limestone. 

9.  4  feet  of  cherty  limestone;  abound  in  Fusulina  cylindrica,  the 
fossils  often  appearing  in  relief;  the  chert  of  deep  blue. 


*Trans,  St.  Louie  Acad.  Sci.,  Vol.  IV.,  Pt.  S,  pages  480-487. 
tLoc.  Git. 
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10.  IS  feet  limestouf  ;iih1  shales  abouiidiiii;  in  Fusiiliiia  cylindricn. 

11.  2  feet  drab  magueslaii  limestone. 

12.  28  feet  shaly  sandstone. 

He  considered  all  above  number  twelve  of  this  section  as  Permian 
which  would  make  the  base  of  the  Permian  about  the  horizon  of  the  Em- 
poria limestone  of  the  recent  geologists. 

"Mr.  George  1.  Adams  has  also  described  in  a  somewhat  general  way 
the  section  along  the  line  of  railway  through  :\ro]ine,  Urenola,  Cambridge, 
and  Winfield."!! 

In  1896  Prof.  Prosser  hastily  examined  this  section.  He  determined 
number  27  of  this  section  to  be  the  lower  part  of  the  Strong  limestone. 
The  Strong  or  Wreford  is  now  supposed  to  be  the  base  of  the  Permian. 

In  the  field  season   of  1004  Prof.   Beede  made  a  detailed  section   at 
Grand  Summit  as  follows  :S 
29.     Shales,    blue   with   calcereous   sheets   and   millions   of 

^'"^'^'Js    15  feet  U  inches 

28.     Limestone,  blue  clayey    1  "  o 

27.     Shales,  blue,  yellow  above 5  "  (j       " 

26.     Shales  and  shaly  limestone 5  •'  o       " 

25.     Limestone,  somewhat  massive,  weathering  light 8+  "  0 

24.     Shales,  calcareous,  and  impure  limestone 7  "  0 

23.     Shales,  clayey,  with  calcareous  layer;  very  fossilifer- 

ous    7+  "  0       - 

22.     Limestone,    clayey,    nodular,    and   clay   shales.      Some 

fossils    ;>  "  Q       » 

21.     Shales,   yellow   and    blue   with   calcareous   lenses,   sea 

urchins   5  >'  q 

20.     Covered,   Ave  feet   to 8  "  0       " 

19.     Shales,   red    5  "  o 

18.     Shales,   blue    i  "  o 

17.     liimestone.  blue,  massive    1  "  o 

16.     Shales,  yellow  and  red  (foot  of  limestone  near  base) . .  10  "  0 

15.     Limestone,  massive  in  one  layer   3  "  o       " 

14.     Shales,   yellowish,  calcareous    1  "  4 

13.     Limestones,  shaly   1  "  0       «' 

llProsser:  "The  Permian  and  Upper  Carboniferous  of  Southern  Kansas."  Kan. 
Univ.  Quar.,  Vol.  VI,  No.  4,  1897.    Series  A. 

iBeerte  and  Sellards,  Stratigrraphy  of  the  Eastern  Outcrop  of  the  Kansas  Permian. 
The  American  C4eolo.srist,  Vol.  XXXVI.  August.  1905.  pages  8.3-111. 
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12.     Shales   0  feet  4  iuolios 

11.     Limestones,  two  tliiu  ones   U  "  4 

10.     Shales U  "  U 

9.     Limestone,    butt"    to    brownish,    large    Fusuliuas    and 

chert  in  the  lower  part  (J  "  0      " 

8.     Shales,   clayey    1  "  9       " 

7.     Limestone,  shaley  to  massive   3  "  U 

6.     Shales,   yellowish    3  "  3 

5.     Limestones,  thin,  with  shale  partings 3  "  0 

4.     Limestone,  massive,  in  two  layers 3  "  4 

3.     Shales,  yellowish,  with  calcareous  layers  rich  in  fossils  9  "  0 
2.     Limestone,    dark    colored,     in    thin    layers,    full    of 

pelecypods    4  "  0       " 

1.     Shales,  red  and  blue,  in  creek  north  of  the  cut,  east 

of  the  trestle  over  the  small  creek 11  "  0 

Total    132  feet  7  inches 

Numbers  24  to  29  inclusive,  are  of  the  Neosho  member  of  the  Garrison 
formation,  23  represents  the  Florena  shale,  number  22,  the  Cottonwood 
limestone,!!  10  to  21,  inclusive,  the  Eskridge  shales,  7  to  9,  the  Neva  lime- 
stone and  from  6  down  to  water-level,  the  Elmdale  formation. 

The  collections  ujion  which  this  paper  is  based  were  made  in  the 
summers  of  '04  and  '05  by  Prof.  Beede  and  were  taken  from  number  23  of 
the  foregoing  section,  that  is,  the  Florena  shale. 

The  lists  of  tills  fauna  which  have  been  published  up  to  the  present 
time  include  about  thirty-nine  species.  In  Beede's  Grand  Summit  collec- 
tion we  find  74  species.  In  the  following  list,  the  numbers  given  may  be 
taken  as  representative  of  the  fauna  in  the  southern  extension  of  the  for- 
mation.    The  following  are  found  to  be  the  characteristic  species: 

1.  Fusulina  sp 800 

2.  Crania  cf .  modesta 67 

3.  Seminula    argentia 44 

4.  Productus  semireticulatus  39 

5.  Productus   nebi'ascensis    84 

6.  Chonetes  granulifera    293 

7.  Derbya  crassa  79 

KThis  statement  is  based  on  the  flelrt  worlc  of  Prof.  J.  A.  Yate.'!  in  1905. 
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S.     Meekella    striatioostata    31 

9.     Khombopora  sp 30 

10.  Thamnisc'us   sp 30 

11.  Bairdia   beedei    100 

12.  Bairdia  beedei  abrupta  25 

13.  Pteria    sulcata    128 

14.  Nuculana  bellistriata  attenuata 28 

15.  Aviculopecten   occidentalis    40 

16.  Pelecypod  sp 200 

17.  Bulimorpha  chrysalis   25 

18.  Bellerophon  sp 39 

19.  20.     Gastropod,  two  small  species  500 

This  list  comprises  one  species  of  Foraminifera,  seven  of  Brachiopoda, 
two  Bryozoa,  two  ostracods,  four  pelecjiiods,  and  four  gastropods. 

The  FvsuUna  can  not  be  said  to  be  characteristic  of  the  formation  as  a 
whole  as  it  is  very  rare  farther  north.  The  brachiopods,  as  a  general  rule 
are  somewhat  larger  than  normal. 

One  of  the  most  interesting  species  in  the  collection  is  Derhya  multi- 
striata  Meek  and  Hayden.  We  find  the  first  account  of  this  species  by 
Meek,  under  the  name  of  Orthisina  umhraciilumil)  Schlotheim.  He  de- 
scribes it  as  follows: 

"Orthisina  umbraculumCi)  Schlot.  sp.  Petrefact.  I,  p.  256,  et  2,  p.  67. 
We  find  in  Kansas  ranging  from  16  to  19  of  the  foregoing  section,  many 
specimens  of  a  large  species  of  OrtMsina,  having  almost  the  form  and  other 
characters  of  O.  uinhraculmn,  excepting  that  the  striae  appear  to  be  more 
numerous.  According  to  Koninck  that  species  has  about  108  striae  on  each 
valve,  while  on  our  Kansas  specimens,  we  count  from  160  to  200;  conse- 
quently we  suspect  it  to  be  a  distinct  but  closely  allied  species.  If  so  we 
would  propose  to  designate  it  by  the  name  of  0.  niultistriritum.  We  find 
it  at  Fort  Riley  and  at  several  localities  between  there  and  Blue  river, 
also  in  the  same  position  on  Cottonwood  creek."** 

This  species  is  not  very  abundant  in  the  Florena  shale,  but  in  the  shale 
bed  just  beneath  the  Wrefoi-d  limestone,  that  is,  in  a  horizon  higher  than 
this,  it  reaches  its  maximum  development  and  becomes  one  of  the  pre- 
dominating species  of  that  fauna.  Its  characters  are  a  high  cardinal  area, 
and  a  hinge  line  shorter  than  the  greatest  width  of  the  shell.    These  char 


*Proc.  Acad.  Nat.  Sci.  Phil.,  1859.  p.  26. 
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actors  hold  tlii'()u,ij:liont  the  life  history  of  an  individual.  I'rosser  was  the 
first  to  refer  this  shell  to  Derhya.'r'i 

On  referring  to  de  Koninck's  figure  of  his  Orthix  iimhraculum  Schlot- 
heim|||j  the  striking  similarity  will  at  once  be  apparent  and  by  compariug 
this  figure  and  description  with  that  of  Bronn,§§  of  the  Eiffel  Devonian 
(apparejitly  after  examining  the  types),  the  difference  between  the  typical 
O.  iu)ibt~ac  111  Kill  and  de  Koninck's  si>ecinien,  and  the  similaritj'  of  the  latter 
with  the  American  species  at  once  becomes  apparent.  Koninck's  description 
gives  his  species  108-109  striae  and  if  this  is  true,  it  is  hardly  identical 
with  the  American  species  as  this  (and  de  Koninck's  figure)  give  160  to 
2U0  on  a  specimen  of  the  same  size.  As  to  the  question  of  the  name  of  the 
American  species,  it  is  distinct  from  O.  ninbraculum  and  Meek's  term  will 
take  precedence  for  the  American  form.  If  they  are  identical,  as  seems 
probable,   it  will   also  apply   to   de  Koninck's  shell. 

On  comparison  of  typical  specimens  of  this  shell  with  the  descrii)tion 
and  figures  of  Hall  and  Clarke's  Derhj/a  ciiiiihuUi  it  will  be  seen  that  they 
are  all  identical.  This  duplication  is  due  to  a  habit  of  Mr.  Meek's  of 
describing  a  species  under  one  term,  then  at  the  close  of  the  description 
.stating  that  in  all  i)r<)bahility  it  does  not  belong  to  the  species  referred  to 
but  is  probably  a  new  species,  then  proposing  the  name  at  the  end  of  the 
whol(>  description.* 

(>ne  of  the  specimens  obtained  was  fortunately  covered  with  young 
specimens  of  whose  relation  there  can  be  no  doubt  as  Deihiiu  niiiltistriata 
is  the  only  Derbya  in  this  horizon  at  Torrence  where  these  specimens  were 
found.  The  smallest  specimen  measured  a  trifle  over  1  nun.  wide.  In  a 
specimen  5  mm.  wide  the  mesial  septum  is  well  developed. 

The  high  cardinal  area  is  well  illustrated  by  the  measurements  of  a 
small  siiecimen.  The  pedicle  valve  length  was  ]i/4mni.  and  width  .">  mm. 
The  cardinal  area  \A'as  nearly  square  and  measured  3  nun.  x  2  mm.,  or  larger 
than  the  pedicle  valve.  At  no  time  in  its  develojimcnt  was  it  seen  to  have 
a  form  identical  with  the  tyiiical  adult  I),  cnis.sa. 

tfKansas  River  Section  of  the  Permian  and  Pernio-C^arboniferous  Rocks  of  Kansas. 
Bull.  Geol.  Soc.  Anier.,  VI,  p.  40,  1894. 

!l II Description  des  Animaux  Fossiles  de  Koninck,  pp.  222-224  and  PI.  XIII.  fig:.  4h.  b.  c 
et  fig.  7,  a,  b,  c,  et  PI.  XIII  bis.  tig.  7.  a,  b. 

?§Lethaea  Geoyrnostica  Bronti,  pp.  368-H63  and  PI.  H',  i\g.  11,  h.  h,  c. 

*Pal.  N.  Y..  Vol.  VIII.  r^t.  I,  page  348  PI.    lib.  fig.  2-3. 
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LIST   OF    SPECIES. 

1.  Fusuliua  sp 800 

2.  Lophophyllum  profiindum  Edwards  and  Ilaime 1 

3.  Crinoidea  s\).  (plates  and  segments) 

4.  Ceriocrinus   hemisphericus    ( Shum. ) 1 

5.  Pholidocidaris   sp.    (spine) 

6.  Archeocidaris  sp.  (spines  and  plates) 

7.  Rliombopora  lepidendroides  Meelv  30 

8.  Stenopora    carbonaria    (Wortiien) 30 

9.  Fenestella    sp 

10.  Fistulipora  sp 

11.  Streblotrypa  prisca  Gabb  and  Horn 

12.  Septopora  sp 

13.  Thamniscus   sp 30 

14.  Bryozoa   sp 

15.  Bryozoa   sp 

16.  Bryozoa  sp 

17.  Orbicnloidea  convexa    ( Shum. ) 2 

18.  Crania  modesta  White  and  St.  John 67 

19.  Stroplialosia    sp 27 

20.  Dielasma  bovidens  ( Morton )    8 

21.  Seminula  argentia   ( Shepard)    44 

22.  Meekella  striatacostata   (McChesney)    31 

23.  Productus  semireticulatus    ( Martin ) 39 

24.  Productus  nebrascensis  Owen  84 

25.  Chonetes  granulifera  Owen   293 

26.  Derbya  crassa  (Meeli )    79 

27.  Derbya   robusta  ( ?)     ( Hall)    1 

28.  Derbya  multistriata  (Meek  and  Hayden) 9 

29.  Ambocoelia  planocon  vexa    ( Shum. ) ; 10 

30.  Puguax  Utah   ( Marcou )    4 

31.  Psuedomonotis  hawni  Meek   11 

32.  Myalina   kansasensis  Shum. 21 

33.  Myalina  swallowi  ?    ( McChesney)    1 

34.  Myalina   sp 1 

35.  Aviculopinna  nebrascensis  Beede   2 

36.  Schizodus  wiieeleri    Swallow    21 

37.  Schizodus  sp 2 
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38.  Edmoudia  nebrascensis  Meek  1 

39.  Edmondia  reflexa  Meek   3 

40.  Edmondia  (?)  2  sp 2 

41.  Allorisma  subcuueatum  Meek 2 

42.  Sedgewickia  granosum   ( Shum. )    3 

43.  Allorisma   sp 1 

44.  Aviciilopecten  maecoyi  M.  and  H 1 

45.  Chaenomya  leavenworthensis  M.  and  H 1 

46.  Pteria  ohioeusis  (Herrick)    20 

47.  Pteria  sulcata  Geinitz    128 

48.  Entolium    (?)    sp 1 

49.  Nucula    sp 3 

50.  Nucula  ventricosa  McChesney   1 

51.  Yoldia   sp 5 

52.  Macrodon   sp 1 

53.  Aviculopecten  occidentalis  (Shum.)    40 

54.  Nuculana  bellistriata  attenuata  Meek   42 

55.  Pleurophorus    sp 1 

56.  PelecyiDod  young  species 200 

57.  Bulimoi'pha  chrysalis  (Meek  and  Worthen) 25 

58.  Euomphalus  catelloides  (Conrad)   25 

59.  Bellerphon  carbonaria  Oox   3 

60.  Pleurotomaria  sp 11 

61.  Bellerphon   sp .' 39 

62.  Capulus   sp 1 

63.  Euconispira   sp 1 

64.  Gastropod    sp.     (Aclis    (?)) 300 

65.  Gastropod   sp 200 

66.  Orthoceritite   sp 2 

67.  Bairdia  beedei  Ulrich  and  Bassler 100 

68.  Bairdia  beedei  abrupta  V.  and  B 25 

69.  Kirkbya  pinguis  U.  and  B 1 

70.  Paraparchites  humerosus  U.  and  B 1 

71.  Beyrichella  bolliformis  tumida  TJ.  and  B 1 

72.  Ostracod  sp 2 

73.  Griffithides  scitula  (Meek  and  Worthen) 9 

74.  Cladodus  mortifer  Newberry  and  Worthen 2 
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EXPLANATION   OF    PLATES. 

Plate  I. 

Deibija  multistriata  (Meek). 

1.  a.  b.  c.    Reproduced  from  de  Konlnck's.  pi.  XIII,  f.  7,  a,  b,  c. 

2.  Figure  7a.  pi.  XIII  bis.  of  de  Koninck.  These  specimens  are  called 
"Orthis  uuibraculum"  by  him.  but  are  very  different  from  those  figured  by 
Bronn,  from  the  Devonian  of  Eiffel,  after  examining  Schlotheim's  types. 

.3a.     Specimen  below  average  size,  but  possessing  an  unusually  high 
hinge  area  whicli  is  symmetrical,  posterior  view. 
.3b.     Lateral  profile  of  same  specimen. 
All  figures  natural  size. 


Platk  I. 


f-^'tfti^v, 
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Plate  II. 
Derbya  multistriata  (Meek). 

1.  Brachial  valve  of  sijeeimen  w^ith  high  area  extending  nearly  back- 
ward, due  partly  to  compression. 

2.  Same  view  of  another  specimen  with  low  beak  and  normal  brachial 
valve. 

3.  Pedicle  valve  of  another  specimen  showing  surface  marks  and  thir- 
teen young  specimens  adhering  to  it.     They  are  of  the  same  species. 

3a.  Profile  of  number  3.    Pedicle  valve  uppermost. 

4.  A  profile  of  another  and  smaller  specimen  with  a   high  and  dis- 
torted hinge  area.     I'edicle  valve  uppermost. 

All  figures  natural  size. 
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Plate  II. 


L 
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Plate  III. 

Derhya  fiiiiltistriata  (Meek). 

1.  Brachial  valve  ot  a  specimen  with  an  extremely  elongated  beak. 
Shell  adhering  to  it. 

2.  Brachial  valve  ot  another  speciniei)  showing  its  regular  form  and 
the  surface  marks. 

3.  Another  specimen,  protile  view,  with  beak  extending  backward  and 
twisted  to  the  right. 

4.  Posterior  view  of  another  specimen  with  a  hinge  a  shade  lower 
than  normal. 

.1.  A  ])en  drawing  of  No.  .3  of  previous  plate.  Note  the  mesial  septum 
in  the  little  specimen,  the  central  one  of  the  three  to  the  right  of  the  beak. 
which  is  only  five  millimeters  in  diameter. 

All  figures  natural  size. 

With  the  exception  of  figures  1  and  2  of  plate  I.  all  specimens  are  from 
the  top  of  the  Neosho  member  of  the  (4arrison  formation,  in  the  railroad 
cut  on  the  west  side  of  Grouse  creek,  near  the  old  station  of  Torrence. 
Kansas,  a  few  miles  west  of  Cambridge. 
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Plate  III. 
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OBSKHVArU^NS  ON    THE  FomiATlON    ANI>   En  l^VlUiKMKN  I"   OK  THE 

Turks  OF  THF.  Maiunk.  Annki.id.  [Cluutoptcni^ 
]\ii  iopc(hitu.<). 

lUnvAun  K.  Km>krs, 


Vliacioptcnift  rariopcdatti^  is  a  widely  disti'ilmtoii  txibioiilous  annelid 
of  rhe  family  Chae.opterida.  'I'he  individnals  of  eaoh  ivnntry  and  of  wide- 
l>-  distributed  aivas  in  Enro^H^  were  olassitied  as  distinct  si>ei'ies  till  .loy- 
eux-Lattuie  showtxl  «.\niolusively.  iu  lSiX\  that  they  are  really  a  single 
species.  He  alt^o  sn!;5;ested  that  a  close  stmlv  of  the  species  in  foreign 
seas  would  probably  result  in  referring  them  to  a  single  species.  A  care- 
ful (.H.nnparisou  of  the  spi\imens  found  at  Beaufort,  North  Caivlina.  with 
Joyeux-I.alTuie's  detailed  description  of  Clioctinitcnii<  niriopidiitus.  leads 
me  to  regard  the  American  reprcs^mtative.  which  Verrill  and  K.  B.  Wilson 
nameil  Chactoptcrum  pvriiaincntavcHS.  as  identical  with  the  single  Knro 
ixwu  forni. 

This  pcvuliar  species  of  sedcntai'y  annelid  is  found  in  several  localities 
in  the  harbor  of  Beaufort.  North  Carolina,  where  the  conditions  for  its 
e.\isten^>e  an^  afforde^i  by  the  extensive  sand-tiats.  either  twereil  with  a 
thick  growth  of  diatoms  or  (.vntinually  exposetl  to  curivnts  of  water 
heavily  ehargeii  with  these  plants.  It  is  here  found  living  within  its 
broadly  l-shajxHi  parchment  tubes  in  nearly  every  iK>rtion  of  the  harbor 
whenner  the  s;\ud-ilats  are  formeii  iu  tJie  quieter  waters. 

The  presence  of  Ohaetopterus  may  hi^  recognized  by  the  extremities 
of  the  l'-shai>ed  tubes  that  usually  protrude  several  ixMitimeters  above  the 
level  of  the  shoal  (.Fig.  oK  The  extivmicies  of  some  tnl!e.<  are  «.iuuH?aletl 
by  ascidiaus,  (.x^lonies  of  bryozoans  or  of  hydroids.  attacheil  to  them  so  that 
it  may  l>e  ditti<'ult  to  dettvt  the  circular  whitish  openings  within  the  cluster 
of  attached  animals. 

The  animal  ivmains  within  its  tube  during  its  whole  life  but.  as  the 
auimal  grt^ws  in  size,  it  increases  both  the  length  and  the  diameter  of  its 
tul>e.  The  horizontal  iH>rtiou  of  the  r  is  of  greater  diameter  than  the 
conical    vertical    arms    that   protrude   a    few    centimetei-s    above   the   sub- 


stralimi.  'I'lic  .siiii|>li'  I'-lonii  is  i)lU-n  iuoMilif'd  iu  Uilmn  lliat  <x:<.ur  in  hIjojiIi* 
of  Hand  ami  slu-lls.  Tli«;  ariiiH  juay  here  Im?  k<>  coiixtruf.-teii  that  they  turn 
abi-uptly  aside  from  lar^^e  shells  that  are  in  their  way.  Tulxts  with  thn*** 
arms  are  frei^uently  found  (I'iii.  4).  These  are  tubes  that  have  been  en- 
larged liy  the  extension  of  the  horizontal  jiortion  and  the  formation  of 
a  new  (vertical^  arm.  A  septum  at  the  base  of  the  interm«?diate  arm  s<;p- 
arates  its  eavity  from  ihat  of  the  horizontal  j»ortion.  I  liuve  found  Inter- 
me<liate  arms  with  little  or  no  sand,  some  completely  filled,  while  many 
have  begun  to  macei'ate.  Every  larg«?  tub*;  bears  the  shreds  of  one  or  more 
of  these  macerated  interme«liate  arm.s,  or  the  ereseentic  s<.-ars  that  mark 
their  former  union  with  the  newly  formed  extension.  'J"he  annulations 
near  the  (jrificfs  and  tbo  longitudinal  strips  of  thinner,  sand-covered,  parch- 
ment alternating  with  the  thicker  |>ortion  of  the  tubes  rei)res«,'nt  successive 
steps  in  the  formation  and  enlargement  of  the  tul>es. 

'J'here  is  -.^reat  diversity  in  the  size  of  the  tuU;s.  A  very  young  worm 
forme«l  a  characteristic  I  -sliaix,'<l  tube  ihnn;  millimeters  in  diameter  at  its 
wider  jiortion.  and  one  and  three-fourths  millimeters  at  its  orifices.  The 
di.stance  between  the  orifices  measui'ed  fourteen  and  one-half  millimeters, 
and  the  length  of  the  arms  (measured  from  the  lower  side  of  the  horiz^^ntal 
portion  to  its  bas<:?)  was  sixteen  millimeters.  I  liave  collected  tubes  which 
ranged  in  lengtli  from  six  to  fifty  centimeters  and  with  arms  six  to  twenty- 
two  centimeters  long. 

'I'he  formation  of  the  first  tube  and  the  subseipient  enlargements  was 
obser\-ed  on  larvae  of  ('liiU'toj)trin>f  rarioiJcd(Jtui<  which  I  was  fortunate 
enough  to  <ollect  in  the  tow-net.  These  larvae,  wiiicli  were  transforming 
from  the  free-swimming  mesatrochae  into  the  creeping  in<lividuals,  were 
kept  in  aquaria  of  sea  watej-  well  stfx,-ke«i  witli  diatoms.  When  the  larvae 
move  among  the  diatoms  they  leave  a  trail  of  mucus  that  cements  the 
sand  and  diatoms  together.  Later  they  niake  short,  horizontal,  mucus- 
coated  tunnels  into  the  mass  of  «liatoms  and  sand.  One  of  these  tunnels 
may  be  extended  to  several  times  the  length  of  the  b^xly  and  from  this 
simple  tunnel  of  agghitinated  sand  and  diatonis  the  larvae  may  build  the 
tube  within  which  it  subsi-ijuenJly  remains  confined. 

The  first  tul>e  in  wlii<!i  the  larvae  lives  and  fe<'<Ls  for  .several  days 
is  neiirly  a  millimeter  in  diameter  and  from  eighteen  to  twenty-two  milli- 
meters long.  It  is  either  a  .straight  tube  or  a  shallow  T.'  whose  curved 
portion  is  downward. 

[0— 18192J 
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A-fter  an  interval  of  a  day  or  two  iu  the  mucus-coated  tunnel  the 
young  worm,  for  it  is  now  an  adult  in  miniature,  has  outgrown  it  and  a  new 
tube  is  constructed.  This  is  done  by  splitting  the  tube  at  a  point  where 
the  upright  arm  meets  the  horizontal  portion,  iu  a  U-shaped  tube,  or  near 
one  end,  in  a  straight  tube,  and  then  excavating  a  tunnel  obliquely  down- 
wards and  after  nearly  doubling  the  length  of  basal  portion  upwards  to  the 
surface.  This  is  its  first  lateral  enlargement.  The  sand  which  the  worm 
excavates  iu  constructing  this  extension  is  expelled  from  the  opposite  end 
of  its  first  tube.  The  walls  of  the  tunnel  are  coated  with  mucus  as  the 
tunnel  advances,  so  that  the  U-shaped  tube  is  completed  when  the  exca- 
vation reaches  the  surface.  The  tube  becomes  strengthened  from  time  to 
time  by  additional  layers  of  mucus  that  hardens  to  form  a  parchment-like 
material  that  gives  the  older  tubes  a  laminated  structure.  They  are 
enlarged  in  the  same  vertical  plane  unless  prevented  from  doing  so  by 
some  obstruction,  as  a  shell,  when  they  turn  obliquely  along  the  surface 
of  the  obstruction  or  abandon  the  new  enlargement  and  construct  an  en- 
largement from  the  opposite  end  of  the  tube.  Two  or  three  days  later  the 
process  is  repeated,  possibly  by  the  extension  of  the  opposite  end  of  the  tube. 
The  horizontal  portion  of  each  new  enlargement  is  larger  in  diameter  and 
is  buried  deeper  in  the  sand  than  the  tube  from  which  it  is  a  branch 
(Fig.  4).  Enlargements  are  frequently  of  such  length  as  to  double  the  size 
of  the  U-tube,  and  are  completed  to  the  surface  of  the  sand  in  from  twenty- 
four  to  forty-eight  hours.  They  are  made  iudiffereutly  at  one  end  or  other 
of  the  smaller  tube.  The  fate  of  the  intermediate  tubes  has  been  discussed 
iu  another  ])art  of  the  present  paper. 

The  burrowing  is  done  by  the  anterior  region  of  the  worm.  Its  si'ti.nor- 
ous  segments  dislodge  the  sand  and  i)ass  it  to  the  middle  and  posterior 
regions  of  the  body,  and  they  convey  it  backwards  into  the  tube  by  the 
combined  contraction  and  expansion  of  the  body,  and  the  rythmic  move- 
ments of  the  palettes  and  lobes  of  the  segments.  The  worm  ceases  burrow- 
ing at  intervals  of  a  few  minutes  and  expels  the  accumulated  sand  at  one 
end  of  the  tube  around  whieli  it  falls  and  forms  a  mound ;  the  other  end, 
or  intermediate  tube,  is  the  iucnrrent  tube  so  long  as  the  burrowing  is  in 
progress,  but  when  the  new  biirrow  is  complete  a  septum  of  parchment  is 
formed  across  the  base  of  tlic  intermediate  tube  and  it  ceases  to  be  of  any 
use  to  the  worm. 

The  worms  which  form  their  tubes  in  aiiuaria  with  a  thin  layer  of  sand 
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and  diatoms  on  the  bottom  conlorni  to  the  U-habit,  though  iu  a  horizontal 
plane,  with  one  side  of  the  tube  cemented  to  the  floor  of  the  vessel. 

The  linear  extensions  of  the  tubes  are  formed  at  such  intervals  as  the 
rapid  gi-owth  of  the  worm  requires.  'I  he  length  of  the  tubes,  and  the 
dates  on  which  the  enlargements  were  completed  by  two  worms  which 
I  reared  from  larvae  taken  in  the  tow-net  are  as  follows:* 


Specimen  Iso.  2. 

Specimen  No.  4. 

Distance 
between  arms. 

Date. 

Distance 
between  arms. 

Date 

20  mm. 

August     7, 

190r.. 

20  mm. 

August     7, 

1905. 

38  mm. 

August  10, 

1905. 

32  mm. 

August     9, 

1905. 

GO  mm. 

August  15, 

1905. 

61  mm. 

August  16, 

1905. 

Early  in  September  of  1905  I  collected  three  worms  whose  tubes 
averaged  fifty-one  millimeters  between  the  orifices  and  five  whose  recently 
discarded  intermediate  arms  were  sixty  millimeters  from  the  ends  with 
which  they  formed  the  smaller  U-shaped  tubes.  The  horizontal  extensions 
increased  their  length  to  fifteen  centimeters  iu  the  smallest  and  twenty-two 
and  one-half  in  the  longest  specimen.  Many  thick-walled  tubes  are  found 
with  scars  of  intermediate  arms  which  indicate  that  they  were  increased 
from  about  this  size  to  about  forty  centimeters.  The  longest  tubes  show 
that  they  were  increased,  by  a  linear  extension  of  ten  centimeters,  to  fifty 
centimeters. 

The  tubes  also  undergo  an  enlargement  in  diameter  as  the  animal  grows 
in  thickness.  This  splitting  and  enlargement  of  one  of  its  arms  I  observed 
in  specimen  No.  4  during  one  night  in  September  of  1905.  The  worm  pushed 
the  rim  of  the  buccal  funnel  nearly  to  the  margin  of  the  orifice,  and  slowly 
moved  the  ends  of  the  tentacles  over  the  rim  of  the  tube.  (In  order  to 
enter  this  narrow  portion  of  the  tube  from  below  the  edges  of  the  buccal 
funnel  and  anterior  region  of  the  body  was  curved  dorsalwards  and  con- 
siderably contracted  till  they  become  conical  in  form.)  The  animal  re- 
mained iu  this  position  in  the  tube  about  five  seconds  then  slowly  with- 
drew into  the  deeper  portion.  This  was  repeated  in  thirty  seconds  but  this 
time  it  withdrew  only  to  the  level  of  the  sand.     Here  the  worm  suddenly 


*Both  worms  enlarged  their  tubes  to  76  and  71  millimeters,  respectively,  between 
September  i2th.  when  they  were  brousht  to  the  Biological  Laboratory  of  the  Johns  Hop- 
kins University,  and  my  return,  October  4.  1905.  The  worm  in  No.  4  had  extended  its 
tube  to  the  glass  wall  of  the  aquai-ium  on  May  8-9,  1906.  The  U-shaped  tube  now  meas- 
ured 85  millimeters  between  the  orifices. 
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exiiMiult'd  the  lirst  pair  of  setigeroiis  somiiruts  and  split  the  tube  longitudi- 
nally at  its  outor  sidr.  tluMi  witlidrew  quic-kly  into  tlic  docjji'r  i>ortion  of  the 
tube.  Fifteeu  ov  twenty  sin-onds  lator  tlu'  worm  ivapiH-ared  at  the  level  of 
the  sand,  extended  tlie  n>nt  a  little  liigher  and  witlidrew.  This  action  was 
repeated  tive  times  in  extending  the  rent,  seven  nuilimetevs,  to  the  end  of 
the  tube.  The  rent  was  produced  by  means  of  tlie  expansion  of  the  mus- 
cular setigerous  region  and  not  by  the  sliai'p  lance-shaped  setae  as  one 
might  suppose.  The  rent  occurred  in  a  position  opposit*>  the  ventral  sur- 
face of  the  body.  When  the  tui)e  was  s^ilit  to  its  extremity  the  worm 
thrust  one  side  of  the  anterior  region  through  the  cleft  and  removed  the 
sand  uliout  it  by  means  of  its  setigerous  notoiiodia.  They  pressed  a  portion 
of  the  sand  aside  but  some  was  removed  backwards  into  the  tube  and  later 
discharged  at  the  other  end. 

When  the  tube  was  split  to  its  end  the  worm  spread  the  basal  portion 
of  the  rent  by  a  slight  expansion  of  the  ventral  side  of  its  lower  lip  and 
the  foremost  portion  of  the  anterior  region.  The  worm  remained  in  this 
position  for  fifteen  or  twenty  sec()nds  then  \\  itbdrew  into  its  tube  for  a 
half  minute,  after  which  it  took  a  position  a  little  nearer  to  the  oritice  of 
the  tube.  The  performance  was  repeated  till  the  edges  were  reunited  by  a 
wedge-shaped  insertion  of  parcliment  that  widened  to  three  millimeters 
just  below*  the  level  of  the  sand.  I  could  not  determine  which  I'egion  of 
the  body  was  most  active  in  the  secretion  of  the  mucus,  which  becomes 
parchment-like,  but  I  obser^■ed  that  it  was  shaped  by  the  lower  lip  of  the 
buccal  funnel,  and  that  the  jiarchment  film  had  advanced  a  little  higher 
each  time  the  animal  applied  its  ventral  lij)  to  the  cleft.  The  splitting  of 
the  tube  and  the  closure  of  the  r«Mit  \vert>  completed  in  thirty-tive  minutes. 

The  splittings  occur  indifferiMitly  on  any  portion  of  the  circumference 
of  the  tube,  but  they  are  found  chietly  on  the  upper  side  of  the  horizontal 
portion.  When  they  are  extensiv(>  it  is  indicated  by  the  abundance  of  sand 
discharged  at  long  intei-vals  fi'oni  one  arm  i>r  the  tube.  1  have  found  some 
large  tubes  that  had  strips  of  thin  parchment  two  centimeters  wide  and 
as   long   as   the  hiuMzontal    portion    of   the   tube. 

The  new  ]tortion  of  the  wall  is  thin  and  membranous  at  first  and.  while 
it  becomes  thicker  with  age.  can  be  observed,  long  after  its  formation,  as  a 
strip  somewhat  thinner  than  the  n'maining  portions  of  the  wall.  Its 
inner  surface  is  smooth.  like  the  inner  w.-dl  of  the  other  i)ortion.  and  its 
outer  surface  is  similarly  covered  with  s.uid.  'I'he  wide,  horizontal  portion 
of  nearly  every  tube  bears  one  or  more  of  these  strips  inserted  lietween  the 
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cdKes  of  a  thicker  laminatt'd  wall.  This  was  true  oven  in  the  smallest 
siK'ciiiit'iis,  No.  2  and  No.  4,  wlii<-h  I  nieiitioucd  on  page  131.  The  diameter 
of  their  tiii)es  was  twice  enlarged  while  they  were  thirty -eight  and  thirty- 
two  millimeters  long,  respectively,  and  l)eforc  they  constructed  the  next 
liiicnr  enlargement. 

The  outer  surface  of  the  tubes  is  everywhere  coated  with  sand,  except- 
ing about  the  terminal  portions  that  protrude  above  the  sand  flats  in 
which  they  are  imbedded.  These  terminal  portions  have  one  or  more  annu- 
hitions  that  give  them  the  appearance  of  being  formed  of  rings  that  dimin- 
ish regularly  in  size  upwards,  so  that  the  bases  of  the  smaller  rings  are 
overlapped  by  the  top  of  the  rings  next  below.  Each  ring  represents 
the  successive  height  of  the  orifice,  though  not  its  diameter,  for  they  are 
split  from  time  to  time  as  I  have  just  mentioned.  They  are  moulded, 
like  the  other  portions  of  the  tube,  by  the  veutral  lip  of  the  buccal  funnel, 
and  the  length  of  each  ring  represents  the  height  to  which  the  lip  was 
extended  when  the  ring  was  formed.  The  rings  are,  at  first,  very  thin  and 
transparent  but  they  become  laminated  by  successive  additions  of  mucus 
to  their  inner  walls.  The  laminae  of  which  they  are  the  free  ends  may 
be  sej)arated  with  ease  from  those  next  below. 

SUMMARY. 

The  principal  points  that  I  liaA'e  attempted  to  bring  out  in  this  paper 
are: 

1.  The  tubes  are  formed  by  the  worm  from  mucu.'<  secreted  by  certain 
cells  of  the  body.  Before  the  mucus  hardens  to  a  parchment-like  material 
it  is  molded  by  the  ventral  lip  of  the  buccal  funnel. 

2.  The  tubes  are  first  formed  as  tunnels  in  the  diatoms,  but  later  they 
have  the  form  of  a  U. 

.3.  The  tubes  are  enlarged  either  in  lengtli  or  diameter  or  by  a  combi- 
nation of  both  these  methods. 
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Plate  I. 


Fiff.  1.    View  of  dorsal  side  nf  female  Cliaetoptenis  ^'ariopedatus.     (i  Nat.) 


Fiji-.  2.     Dorsal  view  of  male  Cbuetoptenis  i-tiiioved  from  its  tube,     (i  Nat.) 
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Plate  II. 

Fig.  3.    View  of  two  orilices  of  the  tul)e  of  Gliaetopterus  at  low  tide. 


Fi^'.  4.     I'liutograpli  of  tube  to  show  lateral  enlargement  and  positi(ju  of  the  discarded 
intermediate  arm.    (i  Nat.) 
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Notes  on  the  Artificial  Fertilization  of  the  Eggs  of  the 
C^OMMON  (/LAM,  {yoDi.s  Mciccnaria) . 

H.  E.   Knders  and  H.  D.  Aller. 


In  view  of  the  ecoiiDiiiic  iiuiiorljuice  of  the  eominon  ehiin  we  endeavored 
to  artitii-ially  fertilize  its  e.iigs  dnriuy  tlie  ])nst  sninnier*  at  the  United  States 
Fisheries  Laboratory,  at  Beaufort,  North  Carolina.  Many  clams  were  full 
of  eggs  or  contained  active  spermatozoa  when  we  lirst  examined  them  in 
July.  This  condition  prevailed  till  the  12tli  of  September,  but  early  in 
NoveJiiber  of  this  year  the  spermatozoa  were  not  active. 

Several  times  during  July  and  August  we  fertilized  the  eggs  by  the 
addition  of  active  spermatozoa  from  several  males  and  observed  the  matura- 
tion of  the  egg.  the  segiuentation,  and  the  early  trochophore  stage.  In 
one  instance  (August  1.  10(»(i)  the  development  continued  to  the  young 
veliger  stage. 

The  female  sexual  element  is  a  pear-shaped  cell  in  which  a  large 
germinal  vesicle  is  found.  Many  of  the  cells  become  spherical  fifteen  or 
twenty  minutes  after  the  addition  of  a<  five  spermatozoa.  The  eggs  then 
show  no  further  evidence  of  being  fertilized  till  two  hours  after  the  addi- 
tion of  spemn.  when  the  first  polar  body  is  cast  off  and  this  followed  by  the 
second  at  an  interval  of  twenty  or  thirty  minutes.  Thirty  minutes  later 
the  egg  i)asses  into  the  two-celled  stage  by  a  holoblastic  and  unecpial  divi- 
sion. The  next  division  occurs  lii  a  plane  at  right  angles  to  the  first  and 
this  is  followed  by  division  in  a  plane  at  right  angles  to  the  other  two. 

The  cells  divide  synchyonously  uji  to  the  thirty-two-celled  stage  but 
we  were  unable  to  determine  whether  this  continues  beyond  this  stage. 

The  percentage  of  eggs  fiat  could  be  fertilized  was  small  during  July: 
it  increased  during  August  and  September,  but  during  Xovenibei'  the  sjK'r- 
matozoa  were  not  at  live  and  the  (>ggs  could  not  be  fertilized. 

While  we  have  not  ri'acheil  a  detinite  conclusion  regarding  the  breeding 
habits  of  the  conuiion  <hnn  we  feel  tb;it  these  data  are  themselves  signifi- 
cant. 


'■'■'Sunmier  of  1905. 
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Determination  of  all  Surfaces  for  Which,  When  Lines 
OF  Curvature  are  Parameter  Lines  (u^const.,  v= 
const.),  the  Six  Fundamental  Quantities,  E,  F,  G,  L, 
M,  N,  ARE  Functions  of  One  Variable   Only. 


Wm.  H.  Bates. 


The  following  simplificatioas  come  out  of  the  data: 

(1)  F  ^  0  ^  M  (Since  lines  of  curvature  are  parameter  lines). 

(2)  The  V  —  derivatives  of  E,  G,  L,  N  vanish.  (Since  the  latter  are 
functions  of  u  only. ) 

(3)  We  may  substitute  for  u  a  function  defined  by  the  equation, 

Edu2  =  du^^ 
which  makes  E,  G,  L,  and  N  functions  of  u'  only.     Also  the  system  of 
parameter  curves  is  (as  a  whole)  not  changed,  for  when  u  =  const,  u'  = 
const  also.     Now  if  we  drop  the  prime  from  u',  the  substitution  has  exactly 
the  effect  of  making  E  :=  1. 

Let  (Xi,  Yi,  Zi)  and  (X2,  Y2,  Z2)  be  direction  cosines  of  tangents  to 
the  v-curve  and  u-curve  at  any  point  of  the  surface.  These  tangents, 
together  with  the  normal  to  the  surface  (direction  cosines  of  which  are  X, 
Y,  and  Z)  at  the  point  form  a  rectangular  system  of  axes. 

(^x  Jy  6z 

(1)  Xi  =  — ;  Yi  =  — ;  Zi  =  —  (since  E  =  1). 

'^u  (iu  6u 

1        rSx  1       <^J  1       fSz 

(2)  X2  =  -— — ;  Y2  =  ^— ;  Z2  =  — -  — 

yG'^y  j/Gfiv  i/Grfv 

Then  the  differential  equations  for  the  general  surface  (see  Bianchi, 
1902  Edition,  p.  123)  become  after  introducing  the  above  simplifications, 

^^Xi 

(3)  —  =  -LX 

<^Xi       di/G 

(4)  —  = X2 

<W         du 


(6) 


'IXo 

'iu 
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(6) 

'^X2         N              dv/G 
= X Xi 

'5v         |/G              du    . 

(7) 

dX 

—  =  —  LXi 

rfu 

(8) 

dX              N 

—  = X2 

r!v                  i/G 

and  similar  equations  for  Y  and  Z. 

Note.  These,  together  with  the  simplified  Gauss  and  Godazzi  equations,  should 
grive  by  integration  the  required  surfaces.  In  the  attempt  to  perform  the  integration, the 
following  geometric  solution  was  reached.  I  hope  to  complete  the  solution  by  integration 
later. 

The  c-curvL's  make  principal  sections. 

The  equation  of  principal  normal  to  the  surface  is 
5  — X       //— y       :  — z 

d^x  d2y  d2z 

ds^  ds-  ds^ 

dx         dx 

—  :=      -  along  v-curve 

ds        dSv 

dx  _ 

=  —  ,  since  dSv  :=  |/E  du  =  du 
du 


•^ 

fix 

—  + 
.^u 

f^x  dv 
'h^  du 

= 

r^X 

—  ,  since  v 

f^U 

= 

Xi 

d^x 
ds2 

<iXi 
'5u 

=  LX. 

Similarly 

for 

y  and 

z,  giving 

i^  —  X 

II- 

-y 

const. 


X  y  z 

which  is  the  normal  to  the  surface  at  (x,  y,  z). 
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Thi'  v-rurres  are  a/.s-o  plane  cunes. 


1  l,d/^2  d/.x2         /dr.  2 

Torsion  ==:  *(  — 1  +  (  — |~t    (  —  I    where   /,  ,",    i'   are   direction 
T         Wds/        Vds/        Vds/ 

oosiues  of  bi-normal  to  curve  (liere  X2,  Y2,  Z2) 

dX2      dX2      'iX2  dY2  dZ2         1 

—  =  —  =  —  ^  o    and  similarly =  o  =  —  .  •.  =;  o. 

dsv       du        '^u  ds  ds         T 

The  u-curves  have  constant  radiux  of  curvature. 
The  equation  of  radius  of  curvature  is, 

1  ^d2xv2  ,d2y>.2  d2Zx2 

,,2  \ds2/  Vds2/  \ds2/ 

dx       dx 

ds       dsu 

d2x         d 

—  =  —  X2 
ds2       ds„ 

'5X2  dv 

'iv   dsii 

1  f5X2  _ 

= —  ,  since  dSu  =  y  G  dv 

|/G  <^v 
d2x 


1     /  N              dv/G      \ 
—  (— X x) 

i/G  Vy/G  du        / 

1     /  N  d,  "G      \ 

-(  — Y yA 

^G\,  G  du         / 

1    /  N  dj/G       \ 

— (— z z.) 

rGVy/G  du         / 

1         1     rN=                  N                       /dv/G\=  1 

-  =  -      -  -X   -  2  — -  -X,  X  -r-  I 1    ^X^ 

.2        G   Lg  I  G  V    du   /  J 

:i;X2  =  1  =  i;xj  +  -X 


d82  |/u-     N] 

d2y  1     /  N  d,'G 

So,  -1  =  ^ 

ds2  i/G^i  G  du 

d2z  1    /  N     _  dj/G 

ds2 


I 
liX^  =  1  =  i;XJ  +  -X,  X  =  o 
1 


i>^        G 
'    =  function  of  U'^  only 
const  for  u-curves. 
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The  u-curves  are  also  plane  curves,  and  therefore  circles. 
We  may  write  equation  of  torsion  inlthe  form, 


1  i  x'      y'      7/     i 

—  =  —  /'-  I  x'^    y"    7."    I 
T  I  -Kf''  y'"  1.'"  I 

(where  primes  denote  derivatives  with  respect  to  s). 

From  last  paragraph  we  have^for  u-curves, 

d^x  1     f5X, 


ds' 


X'"  = 

ds 


^/  G  '^v 

1      '5X^ 


d    /    1     '5X.A 

.s„  V^/G    'V  / 

(I      <^XA 
./G    '5v  / 


'iv   V/G    '5v 

1   'i^x. 


dv 

ds„ 


G    'W2 
1     FF  - 


G   LG 

tl'"  =  ^(u)  X, 
Soy'''  =  0(u)  Y, 

Z'"^=r  9(U)  Z, 
1  1 

—  —  —  r''^(u)  -— 
T  i/G 


[^(^)1 


Xjfrom  (6),  (4)  and  (8) 


X2    Y^    Z2 

r(X ,  r5Y  ,  rfZ , 

fSv        '^v      f'v 

X,    Y,    Z, 


=  0 


Since  the  u-curves  are  plane  and  have  constant  radi  of  curvature  they 
are  circles. 

Finally,  the  plane  of  each  v-curve  is  normal  to  every  u-circle,  and 
therefore  passes  through  its  center.  The  intersection  of  any  two  v-planes 
determines  the  line  of  centers  of  the  u-circles.  Thus  all  the  required  sur- 
faces are  surfaces  of  revolution.  Taking  the  line  of  centers  of  u-circles  as 
z-axis  and  the  plane  of  any  u-circle  as  xy-plane,  the  equation  of  our  sur- 
faces are 

X  :;=  u  .  cos  v 

y  =  u  .  sin  v 

"z  ^  f(v) 
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Lines  on  the  Pset^dosphere  and  the  Syntractrix  of  Rev- 
olution. 


E.   L.   Hancock. 


INTRODUCTION. 
Consider  two  surfaces  of  revolution  S  and  Si  generated  by  the  revolu- 
tion of  the  curves  C  and  Ci  about  the  Z  axis.  Oi  is  formed  by  taking  on 
the  tangents  to  O  distances  equal  to  the  constant-k'  times  the  length  of  the 
tangents.  The  length  in  each  case  is  measured  from  the  z-intercept  toward 
the  point  of  tangency.  Let  O  =  O  be  given  by  z  —  f(u),  then  Oi  —  O  will 
be  given  by, 

zi  =  (L  —  l)uif'(Lui)  +  f(Lui) 
where  L  ^  1  k'  and  the  equations  of  transformation  from  S  to  Si  are, 

u  =  Lu] 

(1) 

V  =  Vl 

When  the  length  of  the  tangent  to  the  curve  C  is  constant,  as  in  the 
tractrix,  the  curve  Ci  is  the  syntractrix  (see  Note),  and  the  surfaces  S  and  Si 
are  therefore  the  pseudosphere  and  the  syntractrix  of  revolution. 

What  follows  is  the  study  of  lines  on  these  surfaces.  The  geodesic 
lines  on  the  pseudosphere  have  been  studied  by  means  of  lines  in  the  plane. 
This  surface  being  one  of  constant  negative  curvature  ( — 1)  may,  accord- 
ing to  Beltrami  (see  Note  2),  be  represented  geodesically  by  a  system  of 
straight  lines  in  the  plane. 

Much  of  the  work  outlined  here  for  geodesies] on  the  pseudosphere  may  be 
found  in  Darboux,  Theorie  des  Surfaces,  Vol.  Ill,  and  is  given  liere  only  in 
the  way  of  review  and  for  completeness. 

The  claim  made  for  the  originality  in  this  part  of  the  work  is  in  (1) 
the  classification  of  the  geodesic  lines  and  the  study  of  certain  systems  of 
geodesic  lines  and  their  corresponding  lines  in  the  plane;  (2)  the  transforma- 
tions of  the  system  of  circles  into  straight  lines  by  making  use  of  the  sphere. 


Note  1.— The  syntractrix  is  defined  as  the  curve  generated  by  taliingr  a  constant  dis- 
tance on  the  tangents  to  the  tractrix.    Peacoclc,  p.  175. 

Note  2.— Beltrami,  Annali  di  Matematica.  Vol.  7,  p.  185 

Bianchi,  Lulsat,  Differential— Geometrie,  p.  436. 
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as  indicated;   (3)  the  study  of  the  asymptotic  lines  and  the  loxodromic  lines 
on  the  pseudosphere  and  their  representations  in  the  plane. 

In  the  second  part  of  the  work  the  lines  on  the  syntractrix  of  revolu- 
tion are  studied.  This  work  so  far  as  I  know  has  never  been  done  before 
In  it  I  have  worked  out  the  equations  of  the  geodesic,  asymptotic  and  loxo- 
dromic lines.     These  have  been  studied  in  particular  by  classifying  the 

surfaces  Si  according  as  d  =  20,  where  C  is  the  length  of  the  tangent  to 

the  tractrix  and  d  the  constant   distance  taken  on  that  tangent.     When 

d  =  20  it  happens  that  the  geodesic  lines  on  Si  are  all  real  and  that   the 
geodesic  lines  for  d      20  are  real  or  imaginary  according  as  r^        ki  k     . 

The  loxodromic  lines  are  represented  in  the  plane  by  the  same  system 
of  straight  lines  as  the  loxodromic  lines  of  the  pseudosphere.  The  draw- 
ings are  given  for  the  sake  of  clearness. 

CHAPTER  I. 
Geodesic  Lines  on  the  Pseudosphere. 
Taking  the  equation  of  the  tractrix  in  the  form, 

X  =  C  cosh.-^c/y  —  (O^  —  y^)^^  we  get  for  the  given  surface, 

X  =:  u  cos  V  (2) 

y  :=  u  sin  v 

z  -1^  O  cosh.-ic  u  —  (02  —  u2)i/2 
and  the  fundamental  quantities  of  the  Gaussian  (see  Note  1)  notation  are, 
E  =  C2/ii2,  F  =  0.  G  =  u2,  D  =  (02)   (u(02  -  nH^  •'),  D'  =  0, 

D"  =  — U(02  —  U2)l,  2^   K  =r  —   1. 

Using  the  method  of  calculus  of  variations  as  developed  by  Weier- 
struss  (see  Note  2)  to  obtain  the  equations  of  the  geodesic  lines,  we  have 
to  minimize  the  integral, 

1=   il  (Edu2  4  2Fdudv  +  Gdv^)  i   ^dt 

. '   to 

—    n  ((0-u'2),;(u-'')  +  u-x'-y   ■■'dt     =  Jfo^'^'dt 
Legendre's   condition    for  a  minimum    is   Fv  —  (d /dv)Fv'  =  0  where 
(  Fv)  =  ((^F)/(tW)  and  Fv'  =  (c5F)/(.V). 

Here  Fv  —  0,  so  that  we  get  as  the  equations  of  the  geodesies 

Fy'  =  (•a''v')/((C^n'  w'')  ^    n'-v' - }\  ""  =  <x  (3) 

Where  oc  is  the  constant  of  integration. 

Note  1.— Bianchi,  Differential-Geometrie,  pp.  61  and  87. 
Note  2.— Kneser,  VariationsrecLniung-. 

Ossrood,  Annals  of  Mathematics,  V^ol.  2,  p.  105. 
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In  considering  these  curves  two  cases  may  arise,  (1 )  when  oc  ^  0, 
(2)  X  •  0.  Case  (1)  when  at  —  0,  either  u  =  0  or  v^  =  0.  But  u  ±  0. 
hence  v'  =  0  and  so  v  =  constant.     That  is  the  meridians  are  geodesies. 

Case  (2 1  when  x    -  0,   (3)  becomes 

V  =  (O  x  u)  (u^  —  X  2(1/2  _!_,;;  (4) 

This  may,  liowever,  be  put  in  a  more  convenient  form,  since  in  the  present 
case  the  geodesic  lines  v  =  constant  all  meet  in  a  point  and  the  curves 
u  =  constant  form  a  system  of  geodesic  circles  —  the  orthogonal  trajec- 
tories of  the  meridians.     Under  such  conditions  E  may  be  equated  to  unity 

(see  Note  1).     The  new  ua  is  then  given  by  the  relation  U2  =^   |  (E)\/2du. 

Hence  u  =  e"^  c.  Replacing  in  (4)  u  by  its  value  just  found  the  equation 
of  the  geodesic  lines  becomes 

v=  (C  X  )(I  —  X  2e-2"  c)i  2  -f  fS  (see  Note  2) (5) 

This  equation  may  be  used  to  determine  the  allowable  values  of  a 
and  5.  The  constant  ,3  being  additive  has  no  effect  except  to  turn  the  sur- 
face about  the  z  axis.  Thus  a  geodesic  line  given  by  one  value  of  /?  may 
be  made  to  coincide  with  one  given  by  another  value  of  3  by  revolution 
about  the  z  axis,  x  remaining  constant.     ,3  may  vary  from  —  X)'  to  +  x  . 

From  (5)  it  is  seen  that  the  lines  are  real  or  imaginary  according  as 

Qc  2e-2"/c  =  1, 
<^ 

(1)  Let  x'2e-2»  c>l,  then   !  x   |  >e"/ c. 

But  for  the  pseudosphere  U2<0  log  C  so  that  the  geodesies  will  be  imagi- 

<  < 

nary  when    I  x   |         O.     (2  &  3).     Let  x  ^e-su/c  —  1,  then    |  x    |    =  e"/c. 

Hence    |  x  1  =:  O  gives  real  geodesies. 

Equations  (5)  may  be  transformed  into 

X  2(v2  -(-  C^e— 2"  c)  —  2  ,3  x'^v  -(-  (  ,?2.x  ^  —  C^)  =0  which  when 
v2  zt  O^e— 2"/C  ^=  y 

v  =  x  (6) 

may  be  represented  in  the  plane  by  the  straight  lines, 

y  =  2;3x  -  (^92  —  OVx  2)  (7) 

(6)  may  be  broken  up  into  two  transformations 


(a)  V  =  X 

Ce-"/c 


..(8) 


Note  1.— Knoblauch,  Theorie  derKnimmen  Flachen,  p.  133. 
Note  2.— Bianchi,  p.  419. 
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which  transforms  S  conformally  on  the  plane  so  that  the  geodesies  lines 
go  over  into  the  circles, 

(X  — /3)2  -f- y'  =  OVa  -                                           (See  Note  1) 
and  (b)  y:=|y_x2)V2  ■> ^g^ 

X  =  X  I   

which  changes  the  circles  into  the  straight  lines, 

y  =  2;3x  — /if^-f  CV<x  =  (10) 

By  (9)  the  x  axis  goes  into  the  parabola  x-  =  y  and  all  the  lines  y  r=  con- 
stant go  into  the  parabolas  x-  =  y  +  constant.  The  whole  upper  part  of 
the  plane  is  represented  inside  the  parabola  x^  :=  y.  The  points  on  the 
lines  X  -=  constant  are  moved  along  the  lines.  The  origin  is  the  fixed  point 
of  transformation. 

Circles  concentric  at  the  origin  correspond  to  lines  y  =  constant  while 
every  system  of  concentric  circles  on  the  x  axis  goes  over  into  a  system  of 
parallel  lines.  A  system  of  circles  given  by  (8)  passing  through  a  point 
corresponds  to  a  system  of  lines  tlirough  a  point.  A  system  of  circles  with 
the  y  axis  as  radical  axis 

x'  + y- —  2/?x  4- k-  =  0 

and  their  orthogonal  trajectories, 

x'  +  y'  — 2hy  =  +  d2  (See  Note  2) 

corresponds  to  a  sheaf  of  lines  and  a  sheaf  of  conies. 

The  geodesies  v  =  constant  correspond  to  the  lines  x  —  constant  i.  e. 
to  the  diameters  of  the  parabola  x-  =r:  y.  The  entire  real  part  of  the  sur- 
face S  is  represented  in  the  xy — plane  by  the  strip  y  ^  C  y  =  C  e 
and  in  the  xy — plane  by  the  strip  included  by  the  curves  x-  ^  y  —  C^ 
and  X-  =  y  —  C-  e-.  The  circles  of  (8)  tangent  to  the  line  y  =  C  e  go  over 
into  a  system  of  straight  lines  enveloping  the  parabola  x-  =  y  —  C- /e-. 

Since  the  representation  given  by  (8)  is  conformal  it  is  interesting  to 
note  that  the  lines  y  =  constant  may  be  considered  as  the  envelop  of  a 
system  of  circles  of  constant  radii  and  centers  on  the  x  axis  given  by  the 
equation, 

(x-,:i)'^  +  y2  =  CVk^ 
corresponding  on  the  surface  to  the  geodesies, 

\' +  C-e-'"'c—2i3y  idr- —  G'k') —Q  0 -. „  k  =  e 


Note  1.— Bianchi,  p.  419. 

Note  2.  — Salmon'-s  Conic  Sectious.  p.  100. 
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These  may  be  regarded  as  a  system  of  geodesies  having  as  an  envelop  the 

geodesic  circles  u  =  ki  0-   ki=rC.     A  system  of  concentric  circles  with  the 
centers  at  any  point  (e,  0)  on  ox  gives  the  geodesies 

y2  j^  o^e-'"  <■  —  2ev  -f  e^  —  0^/<x  ^  =  0 
If  X  .ji  =  C  we  get  a  system  of  circles  through  the  origin 

x=+  y2  — 2,^'x  =  0 
which  correspond  to  a  system  of  geodesies  through  a  point.     In  this  case, 
however,  the  point  is  not  a  real  point  of  S. 

A  system  of  circles  with  the  centers  on  ox  and  passing  through  a  point 
ou  the  line  y  =  k,  O  e<k    O  envelops  a  unicursal  quartic  of  the  form, 
Ay-  f  A.x-'^  +  A,x=y-'  +  2A,x-y  +  2A,xy-'  +  2A,xy  =  0 

This  system  of  circles  corresponds  to  a  system  of  geodesies  tlirough  a 
real  point  and  the  quartic  curve  to  the  geodesic  envelop 
e-2u/c(A-f- A,v2  +  2A,v)  -f  e-",  c(2A,C-'v- +  2A5C-'v)  ^iA,/O^)Y'  =  0 

In  this  case  the  circles  have  a  second  common  point  on  the  line  y  =  -  -  k 
so  that  tlie  quartic  envelope  (which  in  this  case  is  imaginary),  having  four 
nodes,  breaks  up  into  two  circles  which  are  themselves  curves  of  the  sys- 
tem and  therefore  correspond  to  the  geodesies  of  the  surface. 

Tlie  orthogonal  systems  cf  circles, 

x2  -f  y 2  —  2;ix  -p  b-  =  0 

x^  +  (y  —  h)-  =  h2  +  b-' 

having  the  radical  axis  correspond  to  the  geodesies 
v^  +  G=e-="  c  —  2,h  +  b-'  =  0 

and  tlieir  orthogonal  geodesic  circles 

V-  +  O^e--"  c  _  2hOe-"  c  +  b=  =  0 

These  may  be  such  that  the  limiting  points  of  the  circles  are  real  and 
distinct,  coincident  or  imaginary.  It  is  interesting  to  note  that  this  sys- 
tem of  circles,  which  in  so  many  problems  in  applied  mathematics  repre- 
sents lines  of  Hoiv  and  equipotential  lines  may  be  mapped  conformally  on 
the  pseudosphere  in  such  a  way  that  the  lines  of  flow  and  the  equipoten- 
tial lines  are  the  geodesies  of  a  system  and  their  orthogonal  geodesic  cir- 
cles. 

Another  straight  line  representation  of  the  geodesic  lines  of  the  sur- 
face S. 

[10—18192] 
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If  we  project  stereographically  upon  the  sphere 

52   _^   ,^2   ^    (^  _  1'2)2  Z=  1    4 

whose  south  pole  is  the  point  (0,  0,  0)  and  whose  north  pole  is  the  point 
(0,  0,  1),  the  circles  given  by  the  transformation  v  ^  x,  Ce— "  cz^y  we  shall 
have  the  upper  part  of  the  xy — plane  represented  conformally  upon  the 
hemisphere  Lbd  —  O.     The  x — axis  goes  into  the  great  circle  Lbd  and  the 


I 


Fig.  1. 

circles  at  right  angles  to  o— x  go  into  circles  at  right  angles  to  Lbd. 

If  now  we  project  orthogonally  upon  the  plane  Lbd  we  shall  have  the 
representation  in  question  as  chords  of  Lbd.  Since  i  ?;  C  are  the  co-ordin- 
ates of  the  sphere  we  get  as  the  equations  of  transformation  from  the  plane 
to  the  sphere, 

x  =  (n/(i-c) 

y=  (  ri)l(\  -:  ) 

This  gives  for  the  circle 

x=  +  y-  —  V'x  -t-  ii^  —  0=  oc  2  =  0 
the  plane 

(1  —  r'  +  02  cc  ■')  :  —  2  3  s  f  ,32  —  o=/oc  2  =  0 

which  is  independent  of  // .     It  therefore  represents  the  trace  of  the  plane 
on  tlie  ijlane  //  =  0  and  hence  the  required  straight  line  in  the  i  C  — plane. 


147 


The  equations  of  transformation  from  the  plane  xy  to  the  plane  i  C  — plane 
are, 

x=  (  f )  (1  -:  ) 

y  =  ((  :  (1  -:))-  (  ^^)(i-c  )2)V'2 

and  the  equations  of  transformation  from  the  pseudosphere  to  tliis  plane 
are, 

V=    (    f    )     (1-   C    ) 

Discussion  of  the  Transformation. 
The  entire  upper  part  of  the  xy— plane  is  represented  inside  the  circle 

f2  +  r-  --  :  =  0 

The  circles  x  ^  -f  y  2  _  2,?x  4/32  _  o  ^  ac  =  =  0  become  the  straight  lines 

(oc  2  —  r-oL  ^  +  c^)  :  —  2  ;S'3c  2  fa-  ,923c  2  __  02  =  0 

The  straigh  t  lines  y  =  k  go  into  a  sheaf  of  conies, 

(k2  -f-  1):2  _-  (2k2  +  1):  +  ^2  ^  ].2  _  0  through  the  point 
(0,  1).  And  since  — (k2  -\-  1)  is  always  negative  the  conies  are  all  ellip- 
ses. The  real  part  of  the  pseudospliere  is  therefore  represented  in  the  area 
included  between  the  ellipses  corresponding  to  the  lines  y  =  C  and  y  =  C/e. 

All  the  ellipses  are  tangent  to  the  cir- 
cle at  the  point  (0,  1)  and  have  their  foci 
on  the  C — axis.  The  circles  concentric  at 
the  origin  become  the  lines  C  =  constant, 
chords  parallel  to  the  f — axis.  The  system 
of  circles  with  centers  on  o — x  and  pass- 
ing through  the  point  a,b  goes  over  into 
the  system  of  straight  lines  through  the 
point 

,^  =  (a)   (a2  +  b2  +  l) 
i  =  (a2  +  b2)  (a2  +  b2  +  1) 
Q  '    Two   such  systems   properly  related   and 

Fig.  2.  having   the  point  (a,b)  on  the  same  line 

y  ::=  b  go  over  into  the  two  projectively  related  sheaves  of  lines  whose  cor- 
responding rays  intersect  on  the  conic  corresponding  to  y  =:  b.  In  par- 
ticular, in  case  the  points  (a,b)  are  on  the  x — axis  the  conic  becomes  the 
circle  o — b  aud  the  corresponding  rays  are  at  right  angles.  Circles  with 
the  centers  on  the  x — axis  and  of  equal  radii  go  over  into  the  straight  lines 
enveloping  an  ellipse.  The  line  x  =  0  goes  into  f  =  0  the  points  being 
moved  along  the  line.     The  origin  is  the  fixed  point  of  transformation. 
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Asymptotic  Lines  on  S. 

The  asymptotic  lines  on  the  surface  are  defined  by  the  equation 

D  du- +  .2DMu.dv  +  D"dv- r^i  0  (See  Note  1)     (12) 

This  becomes  for  the  surface  S, 

O  +  (02  —  e^"  (•) '   2  r=  e»  'ce(+v  +  /«  (13) 

and  by  (8)  becomes  in  the  x — y  plane 

y  =  — (y'--i)V  -  +  e(+x  +  ,3)  (14)^ 

LoxoDROMic  Lines  on  S. 

The  differential  equation  of  the  loxodromic  lines  of  a  surface  are 
given  *by 

((E)i   -  (G)'    2)    .    (du/dv)  —  tan  3:  (16) 

Where  oc    is  the  constant  angle  which  the  curves  make  with  tlie  curves 
V  :=  constant.     For  S  (15)  becomes, 

(Cdu/u2)  =  +  tan  a  .dv. 

Hence  tan  x.uv-|-kjU-)-O  =  0 

This  by  the  relation  u  =  e"'  <^:  becomes, 

tan  X  .6"  c  V  +  kjC",  c  -(_  c  =  0  (17) 

which  by  (8)  gives, 

y  =  —  tan  X  .X  —  kj  (18) 

This  is  a  system  of  straight  lines  parallel  to  the  line 
y  =  —  tan  <x  .x 
and  so  a  system  of  lines  making  a  constant  angle  with  the  lines  x  ^  con- 
stant.    And  this  is  as  it  should  be  since  the  geodesic  lines  v  =  constant  go 
over  into  the  lines  x  :=  constant  by  the  same  transformation. 

By  selecting  lines  from  different  systems  of  loxodromic  lines  we  may 
envelop  any  geodesic  except  the  meridians.  This  may  be  seen  by  changing 
(17)  to  the  form, 

x  sin  IX   -\-  J  cos  X   -f  k  I  cos  x   —  0 
Where  if  k ,  and  cos  x  cliange  so  that  k ,  cos  x   =  constant  we  get  a  sys- 
tem of  lines  enveloping  a  circle  with  the  centers  at  the  origin.     This  cor- 
responds to  the  loxodromic  lines  on  the  surface  enveloping  a  geodesic. 


♦Blanch i,  p.  109. 
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CHAPTER  II. 

Lines  on  the  Syntractrix  of  Revolution. 

Taking  the  equation  of  the  syntractrix  in  the  form, 

x=(d"  — y-)'   -  +  O  cosh-Md/y)  (19) 

the  surface  S  is  given  by, 


X  =  u  cos  V 

y  =  u  sin  V  }■ (20) 

z  =  —  (d-'  —  U-) '   2  -f  O  cosh-i  (d  u) 


) 


or  we  may  transform  the  equation  of  the  tractrix  by 

y=(Cd)y,                                                                ■»  2n 

x  =  x,  +  ((d-(J)  d)(d^-yf)^^  [ ^^^^ 

Giving  as  the  relation  between  the  surfaces  S  and  Sj, 

u  =:  (c  d)Ui 

V  =  Vi 

In  this  work  O  represents  the  lengtli  of  the  tangents  to  tlie  tractrix  and 
d  the  constant  distance  taken  on  these  tangents  to  get  the  syntractrix. 
Hence  d  =  constant .  C 

We  get  for  the  fundamental  qualities: 
E,  =  (u=  — Od)2  (u2(d2  —  u2))  +  1,  Fj  =  0,  G,  =u-  and 
D,  —  (u-(d=  —  20d)  +  Cd^)   (u(d-  —  u^)^  2) 

D'i  =  0  ,D'^  =  (u(u2  — Cd)),(d2  — u2)i   2  (22) 

K,  =  ((u=  —  od)(u2(d2  — 20d)+  Od^j)  ((d^  —  u2)(u2(d2  —  2cd)  +  C-d^j 
(Above  equation  is  number  23  and  is  the  equation  of  the  Gaussian  cur- 
vature. ) 

When  0  ^  d  ,  (23)  becomes  —1  or  the  curvature  of  the  pseudosphere. 
When  C  =  d  2,Ki  becomes  (2u2  —  d-)  (d^  —  u^) 

Since  for  the  surface  d  =  u  the  denominator  is  always  positive  and  the 
numerator  is  positive  or  negative  according  as 

2u2  —  d2      0 

That  is,  according  as  u  >(d/(2)"2)  and  u<— (d)/((2) '   -;  or  — (d  ((2) '/ -) 
u   r  d/((2) '   -)   .  For  u  =  4   d,  ((2)  '^-)  ,  K,  =  0.     This  means  that  for 

tlie  particular  surface  S  i  defined  by  d  =  2C  the  Gaussian  curvature  is  zero 
for  tlie  circles  u  ^  constant,  given  by  taking  the  distance  d  on  the  tangent 
whose  inclination  to  the  z — axis  is  tt  4  or  (3~)  4.  Tangents  to  the  tractrix 
whose  inclination  to  the  z  axis  is  something  between  -  4  and  iSttj  4  give 
the  curves  u  =  constant  along  which  the  surface  have  a  negative  curvature. 
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AVlien  C  6.2  we  have  from  (23)  Kj  positive,  negative  or  zero  according 

as  (11=  —  cd)  =  0.      But  O  <d  2  gives  Od    d=  2,  so  that  u^lCd       dV2  is 

the  condition  for  the  positive  curvature.  The  curvature  is  zero  or  negative 
vphen  u^  =  cd      d^  2  (u^d^  —  20d)  -t-  Od^  ^  0  giving  the  imaginary  values 

for  u).  This  shovrs  that  the  tangent  line  to  the  tractrix  which  gives  the 
parabolic  circle  has  a  different  slope  than  in  the  case  where  d  =:  2C,  since 
in  this  case  u/d<(2)»   2/2  ,  i.  e.  sin  0     ;  (2)'   ^  2. 

When  d  '  20  we  might  consider  three  cases  viz.,  0  d  20  ,  C  =  d 
or  0>d.  It  will  only  be  noted  here  that  when  O  =:  d  the  surface  S'  is  the 
same  as  the  surface  S  and  K^  is  therefore  — 1. 

In  any  case  u^' —  Od  =z  0  gives  the  valves  of  u  for  which  the  tangent 
line  to  the  curve  O  is  parallel  to  the  u — axis. 

Geodesic  Lines  on  S^ 

Using  the  method  of  the  calculus  of  variations  as  outlined  in  Ohapter  I 
we  get  for  the  geodesic  lines  on  the  syntractrix  of  revolution, 

Fv'=:  (u2dv)/{Ejdu2  +  Gidv-)'   2  —  r 
Here  two  cases  may  be  considered  according  as 

r  =  0  or  r  dr  0 

( 1 )  When  r  =  0  ,  then  either  u  =  0  or  dv  =  0  .  But  u  ziz  0  ,  hence  dv  =  0 
and  therefore  v  :=  constant.     Tliat  is  the  meridians  are  geodesic  lines, 

(2)  When  r  ±  0  we  have 

dv  =  ((r/u2)(u2(d2  —  20d)  +  O^d^)'   =  ((d^  —  u^jCr^  —u^)\  2)dv 
(The  above  equation  is  number  24.) 
To  reduce  this  expression  on  tlie  riglit  liand  side  to  a  convenient  form  sub- 
stitute, 

u2(d2  — 2Cd)  +  C^d^  =  (C^d^t^)  (t=  —  1)  (25) 

Tliis  may  be  written  u^k  -|-  k,  =  (k'f^)   (t-  —  1)  for  convenience  tlieu, 
dv=  (— k3  2r  t^  dt)/((kr2  -f  k,)\  =  .  (kd^  +  kJ'   -  ((at-— 1)  . 

(bt=  — 1))'   2)  (26) 

Where  a.=  (kd2)/(kd2  +  k,)  and  b  =  (kr^)   (kr=  +  k,) 

When  r  =b  0  we  may  consider  two  cases 
Wlien  r  =  d  and  r  :b  d 

When  r  =  d  equation  (26)  becomes, 

dv=  (— k-'  M,dt)   (kd-  4-k,(at- —  1))  (27) 


lol 

so  that 

v=(— k^  -d(  (a(kd-4-k,))  (t  +  1  2(a)'   nog((a)'^t— 1)  ((a) '/^t+l)  +  (5 

(28) 

Eliminating  ^H"  between  (25)  and  (28)  we  have  the  the  geodesic  lines  for 

r  =:  d  given  by 

—  (u=k  +  k,)'   -        (kd-'  +  k,)'   ■'     d(u2k+kj)'   '--uikd-'  +  k ,   '   -'  +  <5 

V  = log 

u.d  2d2  d(u2k+kJV  24-u(kd-+k,)V,  2 

(The  above  equation  is  equation  29.) 

When  r  —  d  (26)  gives  rise  to  an  ellii)tic  integral  for  the  reduction  of 

which  we  recall  from  the  general  tlieory  of  elliptic  integrals.     (See  Note  1. ) 

R(x)  =  Ax^  +  4Bx3  +  6Cx=  +  4B'x  +  A' 

g,  =  A  A'  —  4BB'  +  30  = 

g3  =  ACA'  +  2B0B'  —  A^B2  AB'-'  —  0=* 

In  this  case  we  have, 

R(t)  =:  abt^  —  (a+b)t=  +  I 

g,  =  ab  +  (a+b)^  12 

g3  =  (-ab(a+b))  6  +  (a  +  b)3  216 
We  also  have 

E,'(t)  =4abt3-  2  a  +  b  t 

R'^(t)  =  12abt=  —  2(a  +  b) 
Substituting  in  (26) 

t  =  .  +  (1  4R'(0>  (pu  —  1  24R^^(e))     (See  Note  2) (30) 

Where  f  is  one  of  the  roots  of  R(t)  =  0.      In  this  ease  take  f  =  l/(a)  V  - 
then,  R'(l  (a)'   -)  =  (2(b— a) )/ (a)  V/ = 

R"'  (1   (a)'   2)  =  2(  b  —  a) 

So  that  (30)  may  be  written, 

t  =  l  {^)\'  +  ((b-a),(2(a)'/-))  (pu-pv) 

when  pv  :=  (1   12) (5b  —  a)  and  therefore 

abt2  =  b+  (b(b— a))/(pu— pv)  +  (1  4)((b(b -a)  =)/(pu  —  pv) - 

Recalling  now  that, 

(p'v) '  =  4p3v  -  gopv  —  gj  (31) 

p^rv    =6pv  —  1  2g,  (32) 

and  also, 

(p'v)2/(pt!.  —  pv)2  4-  (pu— p"v)'(pv)  = 

p(u  +  V)  +  p(u  —  V)  —  2pv  (33) 

Note  1.— Kleiu,  Modular,  Fuiictioueu,  Vol.  I,  p.  15. 
Note  2.— Enneper,  Elliptische  Funetioneii,  p.  30. 
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We  get  in  the  present  case, 

(p'v)2  =  ((b(b-a)2)/4 

p^^v  =  b(b— a) 

Equation  (26)  may  be  written, 

v=  ((-kV^r  )/((ab(kr2+k,)'/2)(kd'''  +  k,  ■,  -)   . 

j'(b  =  p(u+v)  +  p(u  +  V)  +  2pv)bu  +r5 
and  so 

V  =  K((l/6)(b— a)u  +  (t'/ct)(u  +  v)  +  K'Vt)(u  +  v))  +  -«         (34) 

where  K  =  (  -(k) '/2)/(d(ab)  7=) 

The  geodesic  lines  on  S  are  then  given  by  means  of  t, 
u^k  +  ki  =  (kit').(t2  —  1) 

V  =  K<t>[t)  +  (1 

where  </>(t)  is  given  in  (34)  and  u  =  p-'((b— a)   (2(a) '   ^t  _  2)  +  pv) 

V  =  p-'((6/12)b  —  (a/12J) 
If  (24)  be  put  in  the  form 

(du  dv)  =  (u-/r)  ((d=  —  u2)(r=  —  u-))'  -  (u-(d- —  2Cd)  +  C-d-)V  - 
it  is  seen  at  once  tliat  the  equation  is  satisfied  by  tlie  values  u  —  constant. 
Bat  from  the  geometric  consideration  it  is  evident  that,  in  general,  the 
circles  u  =:  constant  are  not  geodesic  lines  since  the  normals  to  a  geodesic 
line  must  also  be  normal  to  the  surface.  And  from  figures  V  and  VI  it  is 
seen  at  once  that  this  is  only  true  for  the  circle  u  =  d  ,  where  d ,  C  ,  and 
for  the  trivial  case  u  ^  0  no  matter  what  the  value  of  d. 

The  geodesic  lines  on  the  surfaces  S  i  may  be  studied  if  the  surfaces 

are  divided  into  classes  according  as  d  =  2(J  . 

In  the  case  d  ;=  20  the  general  integral  (26)  takes  the  form, 

V  =     (((d=r),(2n))  ((du)/((d=  — u  =  )(r- —  u-)) 
which  when  u  =  1/t  may  be  written  as 

V  =  —  (— d-r)/2  f(t=dt)/((d-t-  -  l)(r-t=  —  1) 

Here  R(t)  =  d-r'^  t^  —  (d^  +  r-jt-  +  1.  It  is  evident  tliat  this  is  exactly 
the  same  as  the  R(t)  of  the  general  case  if  we  replace  d  '  by  a  and  r-  by  b. 
Taking  note  of  this  we  may  write  the  geodesic  lines  in  terms  of  t 

u   =    1/t 

V  =   (— l/2r)  (1,6  (r-— d-)u  -f  (a',a,(u  +  v)  +  (n'  f7)(u-v))  +  '^ 
where  u  =  p-'((r=— d-)/(2dt— 2)  +  pv^and  v  +  p-'(6  -'— d=)/(12).     In  tliis 
case  tlie  geodesies  are  real  for  all  values  of  r. 
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lu  particalar  when  d  =  20  and  r  =  d  (29 )  becomes 


V  =  +  (d/2a)  +  (1/4)  log  (d— u)/(d  +  u)  +  rS 
For  the  purpose  of  illustration  let  d  =  1  then  (35)  becomes 

V  =  =^  (d/2u)  ^  (1/4)  log  (l-u)/(l+u)  —  <S 

And  since  '5  is  an  added  constant  we  may  without  loss  of  generality  let 
J  +  0. 

This  particular  geodesic  line  has  been  drawn  in  figure  3.  It  is  to  be 
noted  that  the  line  winds  around  the  surface  as  it  approaches  smaller 
values,  and  then  again  winds  around  approaching  the  circle  u  =  1.  The 
lines  r  =  d  =  1  are  all  similar  to  this  one  and  may  be  obtained  by  giving 
different  values  to  '^  . 

When  d  20  ,  k  =  (d=  —  20d)  is  positive  and  ab  is  positive  and  since 
k  1  =  0-d-  is  always  positive  and  we  have  K  always  real  so  that  tlie  geo- 
desic lines  on  the  sui-face  Sj  defined  by  d       20  are  all  real. 

When  d  "^  20  ,  k  =  (d^  —  20d)  is  negative  and  ab  is  positive  or  nega- 
tive according  as  r^^.  kj/k  or  0-d-)/(d-  —  20d  So  that  on  the 
surface  Sj  defined  by  d  20 ,  K  will  be  real  or  imaginary  according  as 
r^^(k,/k)  .  Hence  the  geodesic  lines  on  such  surfaces  become  imaginary 
lines  when  r2>   |  k/k  |  ,  that  is  when  r>  |  kyk  |  V^andr    —   |  k,/k  |  V^- 

Asymptotic  Lines  on  Sj. 

From  the  general  equation  of  the  asymptotic  lines  on  a  surface  we  get 
for  tlie  asymptotic  lines  on  S,, 

(u2(d=  —  2Cd)  +  0d2)VV(u((0d  — u2)(d-  —  u-)  7=))  du  =   +  dv 

(The  above  equation  is  number  37). 

The  substitution  of  u=(d2  +  20d)  —  Od^  =\/t^  reduces  (37)  to  the  form, 

(— kdt)  ((1— k,t  =  )((at2  —  l)(bt2  —  1))^^'  —  +  dv. 
Where  k  =  d-  —  20d,  k,  =  Od»,  a  ^  Odk  +  k„  b  =  d^k  +  k,. 
In  the  particular  case  when  d=  20  (37)  becomes 

((d-)   (u((d-  — 2u-)(d2  —  u^))'   2))  .  du  =  +  dv 
Wliich  when  u  =  1  t  reduces  to 

(— d=t  .  dt),  ((d-t-  —  2)(d't- —  1))',  -  =  +  dv         (39) 

Here  R{t)  =  d^t^  —  3d-t- -f  2 

'  R"(t)  =  4dn^  —  Bd-t 
R'^t)  =  12dn-  —  6d-' 
g,=  (11  4)d^ 
g,=.  (9/8)d'' 
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To  reduce  (89)  substitute 

t  =  (a  ^  (]  4R^{a))'(pu  —  (1  24)R''(a))  (40) 

Where  a  is  a  root  of  R(t).  In  this  case  take  a  =  1  d.  Then  equation  (40) 
may  be  written, 

t-- {(1  d)  +  ((— d  2)/(pu  — pv))  (41) 

where  pv  =  d  ^/  * 

Since  (pV)  ^  =  4p3v  —  g^pv  —  gg  —  i  (2) ',  =)  2)d5  and  (— p'v)  pu  —  pv) 
=  {G'/(7){xi.  -f  V)  —  (a\'a){\x  —  V)  —  '2,'y  a)  (v)  (Note  1)  we  have,  remem- 
bering tlie  relation  (dt  du)  —  (R(t))'   ^  +  v=  (— 1/((2)'   -)    (((2)'   ^^  j^ 

a' 

— (U   +  v)(fT^ /fT)(u  —  V)  — 2(rT'   rr)v)du   -f   iV  +  V  =   (  — (d— (2)  '     =('T7rr)(v')u) 

a 
—  ((2)',  •'=)/2  log  ((T(u  —  v),ifT(u  +  V)  +  iV 

(The  above  is  equation  42.) 


Note:     Schwarz,  Foruieln  der  elliptscheu  Fuuctiuneu,  p.  13. 
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The  asymptotic  lines  in  tliis  case  are  then  given  by  the  equations, 
u  =  It 

where  ^t(t)  is  given  in  (42)  &  u  =  p    '((Sd^— td^)  (4  — 4td))v—  p    '(dV4) 


LoxoDROMio  Lines  on  S^ 

Tlie     general     equations     for    the     loxodromic     lines     on    a    surface 
((E)  V  2  (G)^   2 ) ^  (ju  —  _(_  tan  ex  dv  becomes  in  the  case  of  Si  ((u  =  (d2— 2Cd) 
+  CM  =  )'/2),  (u-(d2 — u^)^   -)  )du=  +  tan  a--  dv  which   by  the  substitu- 
tion u2(d2  — 20d)  +  C^d-  =  (C^d^t-)  (t^  —  1)  reduces  to  the  form, 
((20  —  d)(tMt))   ((t-' —  l)((d- —  2Cd)t2—  (d—  0)2)1,  2  trz  ^  tanoc  dv. 

(Tlie  above  equation  is  number  43.)     This  may  be  put  in  the  form, 
((20  — d)/(k2)\  2).  ((t^Ot)  ((k't^)  —  (kM- l)t'  + 1)\''  =  + tanoc-  dv. 

(The  above  is  equation  44.) 
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Where  k,  =  (d— G)-  and  k-  =:  (d-  —  2Cd)  (d— 0)  = 

Here, 

R(t    r=  k^t^  —  (k^  +  l)t-  +  1 

R^(t)  =  4k2t3  — 2(k2  +  l)t 

R'"(t)  =  12k-'t- —  2(k2  +  1) 

g,   =    (1;12)(1    +    14k2    +    k^) 

g,=  (d  +  k'2j/(216))(l-34k=  +  k') 
(44)  may  be  reduced  by  the  substitution, 

t  =  l  +  (ik-— 1)  2)(pu  — pv)  (46) 

Where  pv  =  ( 1  12  )i  5k  -—1 ) 

Then  k-'t-'  :=  k^  +  (k-,k-  —  li)  (pu  —  pv)  +  ((k^  4)(k- —  1) -)  (pu  —  pv: - 
and  since. dt/du  =  (R,t))V  ^  we  get  by  using  (31),  (32)  and  (83)  +  tan 
X  •  V  —  (20— d)   (  (k,)   '    2  (k=)  )  (  (1/6)  (k^  +  l)u  +  ('5^  '5)  (u  +  v)  +  ((5^  'J) 

(U— V)  )  +  <y'  (46) 

We  have  then  the  loxodromic  lines  on  tlie  surface  S  j  given  in  terms  of  t 
by  the  equations, 

uMd-  — 2Cd)  +  O^d^  =  (CM2t2)/(t  =  — 1) 

V  =  ^(t)  +  (V 
where  ?>(t)  is  given  in  (46)  andu  =  p-  '(  (2  (k-  — 1)  (t  —  1)  )  +  pv)  v  =  p— ' 
((5k2-l)/(12)) 

Since  kj  =  (d  —  c)^  is  always  positive  it  is  to  be  noted  that  ^(t)    is 
always  real. 

In  particular  when  d  =;  20  the  equation,  the  general  equation  for  the 
loxodromic  lines  reduces  to, 

((d^  2)  (u2(cl2  — u^)'    2)  du  =  +  tanoc-  dv  (47) 

and  therefore 

(— ^d^  — u^)'    V2u)  =  +  tanoc-  V  +  iV  (47a) 

and  these  by  the  substitution  ((d-  —  u-) '  -  2u)  ^  y,  v  ^  x  are  given  in  the 
x-y  plane  by  the  straight  lines, 

y  =  4-  tan  ax  +  y'  ....    (48) 

But  this  is  the  system  of  lines  into  which  the  loxodromic  lines  of  the 
pseudosphere  may  be  transformed.  Hence  the  loxodromic  lines  on  S  and 
S,  (when  d  =^  20)  may  be  represented  by  the  same  set  of  straight  lines  in 
the  plane. 

Suppose  d  =  20  =  1  and  <^^'  =  0  and  the  tan  cr.  =  I.     Tlien  47ft  becomes 

(  —  (d^  _u-)"'-)  (2u)  =  +  V. 
This  gives  a  line  on  the  surface  from  the  point  u,,  v,)  =  (1,  0)  making  an 
angle  of  46°  with  the  lines  v  =  constant.     The  line  winds  about  the  surface 
as  shown  in  figure  IV. 
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The  surfaces  S ,  might,  have  been  classified   according  as  d  —  C.     The 

advantages  of  such  a  classification  are  not  apparent  in  the  analytical  work 
and  can  only  be  seen  from  the  geometry  of  the  surface  or  the  generating 
curve.  In  the  work  as  presented  the  pseudosphere  conies  in  as  a  special 
case  of  the  surfaces  S ,  wlien  d  20,  while  if  the  classification  had  been 
made  as  above  indicated  the  pseudosphere  d  =  0  would  be  the  dividing 
surface  in  the  classification.  On  the  whole  I  think  the  classification 
adopted  is  to  be  preferred.  See  figures  V  &  VI  for  the  different  types  of 
generating  curves  d  0,  d=0  and  d  0.  The  cut  for  d  O  is  not  given, 
but  a  general  idea  of  the  curve  may  be  obtained  by  leaving  off  tlie  loop  in 
figure  V. 
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